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The National Bureau of Standards had fnvect{pated thermal
environment of a family shelter for various test conditions experimentally
and has been developing analytical and numerical computational programs
that predict the thermul performsnce of occupied underground shelters.
Details of these programs have been reported previously. The numerical
program was designed ro predict, by a digital computer, temperature and
humidity in underground shelters for simulated occupancy conditions,
of any size, shape and construction detail for any :ombination of
properties of the surrounding soil, outdoor weather conditions, number,
activity and density of occupants, and type of cooling and ventilating
facilities. The thermal performances of several prototype shelters
with simulated occupants of several different sizees have been adequately
simuiated by the present computer program, Thefcpmputer program is
basically capable of predicting thermal environment of many different
underground structures if input parameters are accurately known, such
as was the case for the prototype sﬁelters. Some of the important, yet
not well defined, input parameters for underground thermal performance
are temperature and properties of the earth surrounding the shelter,
and conditions of outdoor air swhich {s usually used for shelter
ventilation, The earth temperature, earth properties and outdoor air
conditions are interdependent near the earth's surface, and these
parameters vary with time and from locality to locaiity throughout the
United States. Thus, it was decided that the earth temperature data
and outdoor weather data should be analyzed to establish reasonsable

computer input data for the purpose of predicting th2 shelter therma)



environment and to facilitate design of economical mechanical systems
for underground shelters. This report covers the analysis of earth
temperature data,

A total of 63 sets of monthly averszge earth tem; :rature dat-,
including some that hed been already publ?slicc and additional data
cuta.aed rrom the climatological data of the U,S, Weather Bureau, have
been tabulated and analyzed in this report. This technique emplcys a
simple harmonic heat transfer equation of earth temperature vs. time
to calculate the earth temperatures from a few characteristics such as
annual average temperature, surface temperature, annual temperature
amplitude, thermal diffusivity, and surface tempe-ature phese angle
from a selected reference point. These charscteristic values were
analyzed using least-squares constant which were obtained by fitting a
simple harmonic equatiun to the data of the monthly average earth
temperatures. The higher harmonic terms in describing arnual cycle of
monthly sverage earth temperatures were neglected in this analysis.

By knowing the characteristics described above, earth temperature
vs. depth may be calculazed for various climstic regions and for verioue
thermal prop.. ties. Simplified analyrical stu.ies on shelter heat
transfer, however, require only an average earth temperature surrounding
the shelter at che rime of ahelter entry instead of the detsiled
temperature distributions. The average esrth temperatures from surface
to 10-ft depth have also been caiculaed using these same earth

temperature cheracteristics.
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Findings
It was found during the analysis that the simplified heat

conduction theory based upon a simple harmonic presentation of earth
temperatures provided a fair approximation of monthly average earth
temperature except near the surface, provided the annual average
temperature, the annual amplitude and phase angle of the surface
temperature, and the thermal diffusivity are known.

In-situ thermal diffusivities of earth were computed from the
observed earth temperature data both by amplitudg method end phase angle
method., The diffusivities computed by these two methods for each of
earth temperature stations qhoved reasonably good agreement for most of
the staticns. Moreover, most of the diffusivity values were in the
range from 0.015 and 0.035 ft2/hr. The difference in the thermal
diffusivities calculated by the two methods could not be attributed
definitely to known causes. The annual averages of monthly average
earth temperature, as expected, were very close to the annual average
outdoor air temperature and to the Collins' ground water temperature of
s given location., The annusl smplitude of the monthly average earth
surface tempersture, however, did not show a good correlation to the
annual amplitude of monthly average ocutdoor air temperature. The phase
angle measured from January lst for monthly average earth temperatures
and air temperatures were also compared. While the phase angle values
of air temperature cycle showed a consistent value of approximately
0.€ radian (5 weeks), the earth surface temperature phase angles ranged

from 0.4 radian and 0.8 radian (3.3 to 6.7 weeks).



More extensive studies are necessary to establish g functional
relation betwecen emrth surface temperasture and outdoor air tempereture
for various types of snil, earth surface ciaracteristics, and climatic
conditions.

Although all available earth temperature dats were compiled during
this study, the stations were widely separaied in most of the southarn
and western states. It is recommended, therefore, that data be obtained

st additional stations in those regions during future studies,
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EARTH TEMPERATURE AND THERMAL DIFFUSIVITY
AT SELECTED STATIONS IN THE UNITED STATES
by

T, Kusuda a~d P, R, Achenbach
ABSTRACT

To provide information related to the heat transfer in underground
luscd..ocions, 63 sets of data showing annual variations of monthly
average earth temperatures at various depths throughout the 48
contiguous states of the United States of America have been compiled
and analyzed for the Office of Civil Defense. These data have been
used to compute the annual average amplitude and phase angle of the
earth temperature by a least-squares method. Thermal diffusivities of
rarth compuied {rom the observed temperature deta by both the amplitude
method and phase lag method were compared for selected earth temperature
stations, The monthly average earth temperature at depth intervals of
two feet to a depth of 10 feet and the annual maximum and minimum
integrated average temperatures in this region were calculated for each
station for a selected value of thermal diffusivity using the results
of the least-squares analysis. Annual average values of earth temperature
and the ampiitude and phase angle of the annual cycle of earth surface
temperature were compared with the corresponding values of air and

ground water temperatures.
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EARTH TEMPERATURE AND THERMAL DIFFUSIVITY
AT SELECTED STATIONS IN THE UNITED STATES

by

T. Kusuda and P, R, Achenbach
National Bureau of Standards

1. Introduction

Earth temperature is one of the must important parameters affectiug
heat transfer ir underground installations. Rrcent studies of
underground protective shelters have clearly indicated the immediate

1,2,3
L.2,3/ The environment in an

need for earth temperature design data.
underground protective shelter can be improved ccnsiderzably if the

heat absorbing capacity of the surrounding earth is effectively util{ized.
The total heat absorbing capacity of earth, however, cannot be accurately
determined unlese its temperature and thermal properties are known. The
earth temperature varies with latitude, weather conditions, time of year,
altitude, landsceping, shading, neighboring buildings, earth surface
conditions, soll properties, rainfall, and other factors.

Although the exact ground temperature at a specific site can be
obtalned onlv by direct measurements, informstion on the general
distribut:on of the natural ground temperature throughcut the United
States {8, nevertheless, worth obtaining. Such information would be
useful from the standpoint of shelter planning on & nationwide ' sis
and would sid in determining the equipment requirements for ventilat:on,
air-condicioning and heating of varicus Bize shelters.

The primary purpose of this report is to compile all available
annual cvcles of monthly average earth temperstures in the depths

suited to heat - -ansfer cslculations in underground protecti.e structures.

i
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Numerous earth temperature datu are scattered throughout tne
literature, but little effort has been msde in the past to compile
them into a nationwide summary except for the work of Fitton and Btoohﬁl
and that of Jen-Hu Chmng.i/ A good many of the earth tempersture data
compiled by these workers have, however, been obtained less than s foot
from the earth's surfece and are not particularly suited for heat
transfer studies on underground structures.

For heat transfer astudies on underground protective structures,

earth temperatures at depths between 3 ft and 10 ft are of

particular significance. A study was undertaken und-r the spousorship

of the Office of Civil Defense to secure earth texaperature data at these

4,5,6,7,8,9,10/

depths from several existing soll temperature records,
either publisted or unpublished. Data compiled and an..vzed in this
paper are monthly average earth temperatures for periods ranging from
one year to several vears,

The analysis of earth temperature data includes the following
parts:

(a) The determination of averaged asnnual cycles of mcuthly
average earth temperatures at various Jeptns from fthe severs! years'
records at 63 stations.

{b) Least-squares fitting of cbaerved data tc a simple harmonic
function to obtain annual aversge temperature, annual amplitude of
monthly averages, and phase angle of the temperature cycle at various

depths for 63 atatiov.s.




{c) Calculation of thermal diffusivity of the earth at 29
stations using both the amplitude and phase angle techniques.

(d) Compsrisom of cbserved earth temperatures with calculated
earth temperatures, using tts thermal di{ffusivity as determined in
(c) and with least-squares corstanis as determined in (b) at each
depth where the observations were made.

(¢) Calculation of =arth temperature from the surface to a depth
of 10 ft at two-foot intervalsand avsrage earth temperature of the
same region for selected values of thermal diffusivities and earth
temperature characteristics.

In order to compars the earth temperatures with air temperatures,
annual temperature cycles of outdoor air were aleo collected from
weather stations in the vicinity of the ground temparature statiouns,
The earth temperatures wvers also compared with ground water temperaturss
reported by Coiltnlfll/

2. Location of Rarth Temperature Stations

The many paramatsrs which affect sarth tempsraturs can be
classified intc the following three major groups:
(17 Geographi{cel characteristics: lat{tude, altitude, climatic
conditions,
{2) %ite characteristices: surface condition, landscaping,
shading. neighboring installations, water table,
(3) Zarth characteristics: ‘thrr=s] and physical propertiss of

sarzh (including moisture conteat), packing density. etc.




Since many of these parameters change in & seasonal cycle, or
irregularly with time, it {s impossible to predict exactly the earth
temperature at any given location for any given time in the future,
particularly at locetions near the easrth'’s surface, Earth temperaturc
predictions, therefore, are of a statistical nature and some devi. {on
from the avecage 13 to be expected in any given day, season, cr vear.

Because earth temperatures are affected by so meny factors, it
would be desirable in analyzing data at di{fferent locations for
compariscen with each other to kcep as many of these factors, such as
earth cover, atadins and earth density, constint in order tc arive
at meaningful conciusiong, However, this apprcach was impracrical
for the moet part in the present study since the original teiperature
data were taken for a variety of purposes by different investigators,
and the total number of stations of observativn in the United States
wss quite limited, The majority of the ground temperature dat-
available for this study were obtained {in undi{sturbed earth at rta:ions

on open flat ground, efither bare or grags-covered.




The geographical locations of the sta’ :ns fur which earth
temperature data are compiled in this study are indicated {n Fig. 1.
Colline' well-water temperature tsothernst/ &t degths of 30 ft to 60 ft
are superimposed on Fig. 1. These data will be used later t: correlate
the ground weter temperature with earth temperature., Eighteen filled
circiea and seven open circles on Fig, 1 indicate the stations for
which data have been newly analyzed during the course of this study.

The monthly average earth temperatures for three consecutive vears' span

were obtsined and analyzed for the majority of these twenty-five
pi<ected

stations, The stations w.rked with/open circles irn Fig. 1 are tho:-

for which earth temperature data had already been reduced to &n annual

cycle of average monthly temperatures by other investigators for

public.tion. Unfortunately, the majority of the data obtained from

these latter sources did not contain pertinent {nformaticn wich regard

to most of the site and 80il characteristics, althcugh they are sttll

nelpful In studying the eficct of the parameters which were citad.

A total of 53 sets of dita hoe been corpfiled and asalyzed fn ihis
study to show tha effect of :nmbinaticns of the above perasete:sbon
earzh temperature. Table ! is a lict >f the earth tempervature s:aticns

{ndicated {n Fig. 1.
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Tavle 1

Tabix

55T
HET-
+5ST-
*ST.
##51-

sT-
4 ST-
£ 8T-
42T
4 851-10

OB O P R e

+ 5T-11
§T-12
*sT-13
*ST-14
5T-15
*ST-18
8T-17
=5T-18
A#*8T-19
+45T-20

8T-21
*§T-22
+*8T-23
$7-24
$T-25
§T-?%
’r-27
37-28
4*ST-2§
4 57-3C

*57-31
87-32
+4*8T-33
*5T-34
+ 3T-3%
JH8T-38
8T-37
5T-38
sT-39
8T-40
ST-41
4¥ET-42
4 ST-43
+ ST-hé
8T-45
8T-46
ST-47
81-48
5T-49
*8T-50

4481-51
$T-52
$T-53

*ST-S4
4%3T-55
4%8T-5¢6
4*8T-57
4%8T-58
4*5T-59

$T-60

$7-61
$T-62
+5T-6)

List of earth temperature stations and results of

lesst-squares analysis

Statien

Acpurns
Decatur
Tempe
Pucson
Brawley
Davise

Port Collies
Fort Collins
fort Collins
Ceipesville

Athens
Tifton

Moscow e

argonns
Lemcnt

Urbane

Urbana

Hest Lafayette
Surlington
Manhetten

lLexington
lexington
Upper Marlboro
Zzs: lansing
Zast Lensing
East lensing
Zast Lansing
Eset Lansing
St. Paul
State Univ.

Taucett
fansas Cicy
Sikeston
Jozeman
Bosaman
funtley
Liocoln
Limcola
forfolk
Sew Bruoswick
Ithacs
Ithaca
Raleigh
Columbus
Coshocton
Barnsdall
miny

Lake Refner
Pavtuska
Ottawa

Corvallis
Pendleton
Calhoun

Union

Madison
Jackson

Teaple

Tample

Salt Lake City
Sarliagton

Pullmen
Pullmen
Seattle

Aavayal Tomp .
. Avg. Barth jmplitude st
3rate ~Jeme,  Earchis Sorfece

ay r (»c) ¥
Alshame 63 17
Alshame 59 21
Arizona 70 20
Arisons 75 18
California » 20
California (23 3
Colorado 50 24
Colorado 50 24
Colorsdo 50 26
Florida 74 .-
Ceorgls 67 --
Ceorgls n -
1daho 47 18
I1linois 51 23
Iiltinois s2 3
I1lincie 33 25
T1llinois 55 --
Indisna 52 -
Iowa 54 30
Kansas 55 26
Kantucky 55 22
Kentucky e 22
¥aryland 56 23
Michigen 50 26
Michigan 51 24
Michigan 50 2%
Michigan 50 24
Michigsn 50 24
Mionesota 48 25
Misstesippt &7 21
Missouri 54 20
Missourt 54 22
Missouri 57 2s
Moatena &b 21
Montesoe oh 21
Mootsus 50 25
Bebcasks 54 2
Nebroska 33 b
Rebrosks 53 24
Yew Jersey 53 21
Rew York &9 19
Mew York 49 19
Worth Carolina 62 -~
Ohio 33 22
Ohio 52 22
Oklshoma [ ] 11
Ok 1shoms 63 21
Oklahoma &4 23
Oklshoma 62 22
Ontario &7 21
Oregou 56 18
Oregom 53 26
South Carolina &k 22
South Carolina 52 20
South Dakota &7 26
Tennessae 60 20
Texas 70 21
Texas 71 21
Utah 51 21
Verwmont & .-
Nashingtom o8 -
HYashington 48 19
Washingtoo 53 15

Phese Amgle
of Sarch Temp.

(ro)radians
0.47
0.45
0.47
0.77

)
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* « Larth temperature statioas where the dets sre snelyssd for the thermal
diffusivity (29 stations)
4 = Zarth temperature dats newly ecquired (23 stations)
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3. Analysis of Earth Temperature Dats

The observed earth temperatures at various depths, aveiraged
arithmetically in monthiy periods, were tabulated for the 63 stations
in Tables ST-1 through ST-63. In addition to
presentirg the amnual cycle of monthly average earth temperatures,
the observed earth temperatures were analyzed to fi.d best annual
averazes, depth amplitude, and dcopth phase angles based upon the
assumption that the earth temperature can be represented by a simple
harmonic time functic . This assumption may not represent the best
r0ssible mathematical model from the standpoint of met.orolcgiral
or geophysical considerations, but it is probably satisfactory for
the purpo-e of analysis of heat transfer in underground protective
structurez, The simple harmonic representation cf ar annual cycle
of monthly average soil temperatures is reasonably accurate, as
shown by the =nalyses of Penro@gig/ and Carson.lg/ Moreover, the
constsnts of the gimple harmonic expression of the earth temperatuve
cycle can be related to thermal diffusivity of the soil at any

station for wnich temperature data ire taken,




Bquation (1) iz a simple harmonic function that can be uased to
represant an earth temperature cycle,
t =A - B cos K%; 6 -Pp/ (1)

where: t is the monthly average earth temperat-ire, °F

@ is the time conrdinate which {s taken as zero on

January 1, hr

T 1s the period of the temparature cycle = 8766 hr

A 1is the anmial average earth temperature, °F

B 1is the annual amplitude oi the monthly average

temperature cycle, °F .

P 4is the phagse zngle of the earth temperature cycle, radians.
The values of A, B, and P in equation (1) have been determined in two
different ways by other authors, Penrodélg/ computed A by arithmetic
average of 12 monthly sverage earth temperatures, B as one-half the
difference between the maximum and minimum monthly average temperatures,
and P by a rather complicated graphical calculation. Carsonld/
expressed the &nrnual cycle of monthly average earth temperatures ac a
given depth by a Fourier serles ccntaining six harmomics and computed
A, B, and P from the basic harmonic terms of the Fourier expression.
Both Penrnd and Carson computed their pavameters for each year
separately.

It should be pointed out, however, that the numerical value of P

is rather arbitrary, depending upon the origin of the tine coordinate

system,




In this study, earth temperature cycles of several years' record
of monthly averages have been fitted to equation (1) by a least-squares
method. That is, the values of constants A, B, and P have been
determined, so that the sum of the squares of differences between the
fitted harmonic curve and the observed valuzs are a minimum. Fig., 2
shows typical annual cycles of monthly average edarth temperatures at
the surface and at the 10-ft depth at a gite in Lexington, Kentucky.
Curves representing/?T;ear norm of Penrod,gl ard those calculated by
the least-squares technique are also shown on Fig, 2. A good agreement
exists between the least-squares fitted curve and the 5-year norm
curve, despite the considerable scatter in earth surface temperature
data.

The detail of the mathematical development of the least-squares
technique is presented in the Appendix. The values of A, B, and P,
and the standard deviation of the observed deta from the value calculated
by equation (1), were determined at each depth for 63 sets of earth
temperature Jdata and are shown in the ST tables. The absolute value
of the pkase angle, P, is dependent upon the coordinate system of @ of
equation (1) and is l2ss meaningful than the difierence between the
values of P at two consecutive depths. As seen from the ST tables, the
annual amplitude of the earth temperature, B, decreased as the depth
increased, whereas the annual average of the earth temperature was
practically invariant with respect to the depth, except for
irregularities near the surface region. It 18 alsc observed from the

ST tables that the phase angle, P, increased as the depth increesed,

10
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4, Simplified Heat Conduction Theory of Undisturbed Earth

The earth temperature oscillation near the surface from the
standpoint of heat conduction theory has been discussed in various
texts ¢~ heat transfer; notable among them are Carslaw and Jaeger'slg/
and Eckert'slé/ treatments of the problem.
Usually tﬁe mathematical treatment of earth temperature starts with
the assumption that:
(1) Earth is a homogeneous heat conducting medium of a
semi-infinite solid system, the thermal diffusivity of
which is constant throughout,

(2) The temperature of the surface exposed to the atmosphere

varies periodically with time.

For such a system the earth temperature at depth, x, can be computed by

the follo .ing equation when a steady cyclic pattern is established

within earth:lz‘lgj

- an 200 T
t-A+;,_:Ie' mencos<—-r_-6nn/3T‘x) (2)

where Cn and 3n correspond to the amplitude and phase angle of the nth

harmonic of the prescribed periodic tempecatu.e function at the ground

surface. As long as the earth surface temperature is periodic, and as

long as the assumptions (1) and (2) are valid, equation (2) exactly

describes the earth temperature with proper evaluation of Cn and 4n as

well as thermal diffusivity DP. Furthermore, when higher harmonics .
corresponding to n>2 are not significant, as {n the case of the aanual

temperature cycle of the monthly average soll temperatures, equation (2)

becomes simply the following form:
12




t-A-BOe“/?—%xcmc—i‘ng-/%x-mg 3)

/E_x
By comparing (1) and (3), B= B0 e DT (4)

&
and "P=PO+ /57 % (5)

Relations (4) and (5) indicate that a !inear relationship exists
between the logarithmic amplitude and depril and between the phase angle

and the depth.

Relations (4) and (5) also sugzert the evaluation of thermal

diffusivity by the formulas

x
2T
23
D (P) = % [?—1‘70_} (7

The preceding reletions of earth temperature and thermal
diffusivity had been applied as far back as 1811 by Lord Kelvin to the
mean earth temperature curves based on Forbe's 18-year record in
Edirburgh, Scotllnd.ll/ Kelvin did not ignore the higher harmonics
for the temperature equations and calculated the diffusivity not only
by the first harmonic but also by tne higher harmonics &s well. He
had obtained a good agreement between the thermal diffusivities deduced
from the amplitude and that from the phaze angle of the first harmonic.
He was. however, less successful for the higher harmonics in obtaining
a good agreement between the diffusivities calculated by the two

d{fferent methods.

13
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5. -‘Analyses of Thermal Diffusivity of the Earth by Simplified Theory

Several other investigators have applied the simplified theory of
the preceding section to limited amounts of earth temperature data. In
this analysis, the results nf the least-squares fitting for several
earth temperature stations were selected for graphical representation
of amplitude and phase angle with respect to depth., Figures ST-1
through §T-19 indicate relations bocween logarithmic amplitude (log B)
ve. depth, x, whereas Figures 8P-1 through SP-~19 show relationships
between the phase sngle, P, and the depth, x, for the data obtained from
19 earth temperature stations,

It can be said for all of 19 stations, except near the region
of x=0, linear relationships between log B and x, and those between P
and x, are emirent from all of the ST and SP series of charts. The
temperature irregularity near the ground surface can be explained as
follows: ’

(1) The earth surface region differs from the idealized heat
conduction model of the previous discuss?on. The temperature
pattern is complicated due to the fsct that irregular daily
fluctuations of westher ‘nfluence the . irface temperature,

{2) Temperature values are influenced by the time of observation
unless the data are the aversge of the continuous hourly
recording.

(3) The sofil near the earth's surface is usually less homogeneous
than at depth.

The density, weter content, and compusition vary within the

region.
14
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The temperature data for 29 ¢’ the 63 stations covered a sufficient
range of depths below the earth's surface to be suitable for evaluating
thermal diffusivity, and carth surface temperature amplitude and phase
angle by graphical methods. Those 29 earth tempeiature stations are
identified by asterisks in Table 1. On cach of the charts for those 29
stations, some of which have been illustrated {in Pigures ST-1 to 19, a
straight edge was placed to fit the log B ve. depth data points by a
visual inspection,such that the pcints at greater depths controlled the
pcsitions as well oc the slopes of the straight edge. This visual
technique was considered more appropriatc for the analysis than a
mathematical regression technique because most of the temperature data
were concentrated near the shallow depth region where inconsistency with
respect to the basic heat transfer theory is predominant due to
heterogeneity of the material and diurnal effects. The visual technique
did help to avoid obscuring the intrinsic linear relation of log B vs. X
and P vs, X manifested in the deep earth temperature data by abundant
shallow depth data. The earth surface temperature amplitude BO was then
read at the intersecting point of the straight edge and the x=(
coordinate line. The slope of the streight edge thus determined was
also used for calculating thermal diffusivity D{B) bv equation (6).
Figures SP-1 through SP-19 show the plots of phase angles vs. depths
calculated for the sane 19 stations, the logarithmic ampiitudes of which
have been analvzed. A similar visual technique of finding the intercep:s
and slcpes of the plots on log B vs., X was alsc emploved on these phase

angie-depth plots in determining the earth surface temperzture pl.ase

angle and thermal diffusivity D(P).
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The simplified theory demands that the diffusivities computed by
the slope of log B-x relation and that of P-x relation must sgree. The
thermal diffusivities computed by the two methods are sumnarized in
Table 2 for eighteen selected stations where comprehensive information
on earth temperature site characteristics was aveilable, Zig. 3
graphically correlates the relationship between the two computed
diffusivity values, D(B) and D(P). Of all the sets compared, eiyght
showed an excellent agreement for the diffusivities computed by the
amplitude method and phase lag method., A majority of the comparisons
showed the diffusivity computed by the phase lsg method tc be lower
than that computed by the amplitude method. Nc obvious correlation
existed between the difference in the twc thermal diffusivity values
and earth temperature site character‘stics, such as type of soil,
elevation, earth surface, temperature level, or geographical location.
Alttough it may be accidental, all three of the stations with bare
earth cover showed very good agreement between the two diffusivities.

The difference between the thermal diffusivities ccamputed bv
equations (&) and (7) may be attributable tc tne followin, zondiiions:

(1. Errors in assigning correct slopes fsr :cg B-x and P-x curves

due to the insufficient depth data as ~ell as i{nconsistent
temperature-depth data.

{2} Errc 8 in calculating correct phase angle and agmplitude from

insuff{ -ient and fluctuating data.
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(3) Discrepancies from the {deal one-dimeanaionsl heat flow sys”em
due to the site characteristics of earth temperature stations
of which the authors were unaware,

6. Correlation of RBartii, Air, and Ground Water Temperatures

According to Colliua,il/

the ground water temperature at a depth
of 30 ft to 60 ft 1 very nesrly equal to the annual average &ir
temperature, The well-known Collins' ground water temperature map
was constructed on this basis, utilizing the annual averayge air
temperature diszribution of the 438 states,

Annual average ai:r temperatures were collected from westher
stations located near cthe earth temperature stations designated by
5011d darx and open dots in Fig. 1. The 1ist of the weather stations
and the data are srown in Table 3, Table 3 also lists the following
data:

(1) The annua! average air temperature, TA, and the annual
amplitu’e of the monthly average air lemperature cycle, BA,
computed {rom the observed data for the indicated pericd of
reccr.,

{25 The least-sguares constants, TA', BA', and ?i, for the angpual
average alr temperature, the annual axmpiltude of the mcathly
averdge alr r_mperature cvcle, and the phase angle of the afr
temperature cycle, respectively, for the climatological

s (1931-196%)., These constants were Jerevmined

o~
~3
rr

he saze manzer as these for the crrth tewperature,
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It can be seen from Table 3 that the values of TA and TA' aud those for
BA and BA' are nearly equal.

The values of annusl average air temperature TA and the amplitude
of tb monthly average air temperature BA are superimposed on Figures
ST-1 through 8719, whereas the air temperature phase angle PA is
superimposed on Figures 8P-1 through S2-19,

Annual average earth temperatur2, A, and ground water temperature,
TW, are plotted againat uunual average alr temperature, Ta, in Fig. 4,
The annual amplitude of monthly average air teuperature, BA, is plotted
in Fig. 5 against earth terperature amplitude at the surface BO,
Although the annual average earth temperature, A, can be approxixated
eithe > by the annual average air temperature, TA, or by Collins' water
temperaturc, TW (from Fig. 1), the approximation of BO, the annual
eaTth surface tempersture amplitude from the annual amplitude of the
monthly average air temperature, BA, is not too satisfactory, as shown

by Flg. 5 anu all of the fijures in the 5T series,

21
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A close examination of Fig. 5 and Table 2 reveals the following
interesting trend, however. The points of BO below the line of BO=BA
in Fig. 5, or the localities where BO<BA, represent inland citiee Buch
as Ithaca (New York), Salt Lake City .Utah), Madison (South Dakota),
and St. Paul (Minnesota). In c~ntrast, the points above the line of
BO=BA represent the near-coastal cities such as Gainesville (Florida),
Corvallis (Oregon), Oxford (Mississippi), and Upper Marlboro (Maryland),
with Fort Collins (Coloradc) being an exception. A preliminary study
for the Washington, D.C, arca and for the Minneapolis (Minnesota) ares
has baen made to compare the amplitudes and phase angles of annual
cvcles of monthly mean outdoor air temperatures and monthly mean solar
radiation received on the flat surfaces for two cities, as shown in
Fig. 6, with BO>BA in Washington, D.C., and BO<BA in Minneapolis. Fig. 6
reveals that the Minneapolis area receives slightly more solar radiation
during the summer months of July and August and slightly less from
October to December than Washington, D.C., and has considerably lower
monthly average outdoor air temperature than the Washington, D.C. area
throughout the year. Since earth temperature is dependent on both the
heat exchange with outdoor air and solar radiation, the relation between

BO and BA cannot be explained adequately without including solar effects.
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The phase angles of air temperature cycle PA and those of the
carth surface temperatures PO are also compared graphically ir Fig. 7.
The phase angles of annual air temperature cycles are concentrated in
a narrow band of 0.6:0.05 radians regardless of the locality, whereas
the phase angles of the eacth surface temper: “ure are scattered in a
much wider range than those of air temperatur: cycles as can be
observed in Fig., 7.

Analytical studies such as made by Lettant2/ for the earth surface
heat exchange with respect to outdoor air, solar radiation, sky
vidiation, evaporatien, and nighttime outgoing radiation may give
direction to the computation or prediction of BO and PO from the data

for BA and PA which are readlly available frow local weather records.
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The following genera! conclusions can be drawn from the foregoing
analysis of the data from several selected earth and alr temperature
stations:

21) Except near mountain ranges there is a strong tendency

toward equality among the annual average air temperatures,
TA, the annual average earth temperature, A, and deep ground
water temperature, TW, In other words, the annual average
ground temperature, A, can be reasonably well estimated by
TA or TW.

(2) With somawhat less accuracy, earth temperature amplitude at
the undisturbed surface (BO) can be approximated by the
amplitude of the annual cycle of monthly average air
temperature (BA).

(3) The phase angles of the earth surface temperature cycles do
noi. show a definite correlation with th=t of annual air
temperaturé cycles, The annual air temperature cycles of
various cities in t“2 United States are all approximately
in phase with the minimum cccurring about at the beginning

of February,




7. Calculations of Earth Temperatures

Having developed values for annual average earth temperature, A,
the earth surface temperature amplitude, BO, and phase angle, PO, by
lersat-squares technique from the cobserved data, and knowing the thermal
diffusivity, D, of the s0il which has been calculated from the least-

squares constants at seversl depths, it was possible to calculate the

earth temperature by equation (3). Such calculations were performed

with the data of Tables ST-1 through 63 using the arithmetic average

of the thermal diffusivities determined by amplitude and phase angle

methods. The lower portion of ST tables shows the calculated

temperatures for all of the observed d:pths. The calculaticns were

performed with the use of equation (3) by empleying the parameter

values indicated at the bottom of the ST tables. The sgreement

between the calculated and the observed are generally setisfactory,
in most instances, particularly at greater depths. The probable
reasons

for the greater discrepancy between the calculated and the
observed earth temperature near the earth suriace are described in

Section 5

()
£

s

i AR TR OGS




In many instances, {1t may be desirable to have a rough
approximation of undisturbed earth temperature at a given d~pth or at
several depths where all or scme of the constants, A, BO, and PO, and
the thermal diffusivity are uiiknown. As indicated in the previous
section, A can be closely approximated by the annual averape afr
temperatures TA, but BD and PO are not closeiy predictable from air
temperature amplitude BA, and phase angle PA, The thermal
diffusivities may be determined for a given soil by laboratory test
or may be computed by handbook values of thermal conductivity, density
and specific heat 1f the type of soil and its moisture content are
known.

The STA tables show computed moathly earth temperatures for all of
the 63 earth temperature stations, for cepths of 2, 4, 6, 8, and 10 ft,
using temperature characteristics, such as A, BO, and PO, taken from the
corrcsponding ST table when available, or otherwise approximated by the
air temperature data, and for an arbitrarily chosen thermal diffusivity
of 0.025 ft° /hr, whigh is an approximate median of all of the thermal
diffusivities derived from the observed earth temperature data. In
order to examine the effect of thermal diffusivities other than
0.025 £t?/hr upon the eavth temperature, the STA tables also include
calculated August earth temperatures for the same depths and same

values cf A, BO and PO but with diffusivities of 0.01, 0.02, 0.03, and

0.04 £t°/hr in addition to 0.025 £t /hr.

30



8. Integrated Average Temperature of Upper 10-ft Stratum

Although the earth temperature distribution with respect to depth
is important for the accurate numerical calculation of heat transfer
fo. underground protective sheiters,gj simplified analytical solutions
currently available—éllzl require only an average earth temperature
surrounding the shelter at the time of entry. This simplification
is employed principally because the heat conduction problem becomes
very complicated for complex initial temperature conditions.

By integrating equation (3) with respect to x from the

surface to depth L, an average temperature ‘EL can be obtained for

this range of depths as follows:

:L-—j‘L{A-BOe/_xcos 'Po'/—Dﬁx

"A"‘Z‘B:glli_ f- ’Lsin(-r - PO /

—

+ co{‘gﬁﬂg - PO -/;—:-i.- L)}-{sin ("2%0' - PO) + cos(-z-&:'g - PO)}:I (8)
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By denoting
L

m— L
5“/171:

- V/e - 2 cos Be'ﬁ-b 1
. = 267

n-l 1 - e'B(cos B+ sin B)
1 - £"S(cos B - sin §)

and ¢ = ta s

equation (8) can be reduced to cthe following expression

Fo-A - ~
L : 21T N
————— = . | cosg \—E—- - PO - ¢) ( Q )

The integrated a-erage EL for o=x< L can then simply be evaluated by
knowing £ 1n addition to A, 30 and P20, since [ and ¢ are functions of B
alone., Fig, 8 suows [’ and ¢ as a function of P in order to assist in
making the calculation of the Integrated average temperature, Fig, ¢
shows the computed August and February earth temperature plotted
sgainst depth for Lexington, Tentucky., The integrated average valuss
are alsu 1llusirated at 10-ft, 16-ft, and 20-ft depths,

Cortemporary underg.ound fallout shelteirs have approximately 3-ft
earth cover over the roof,anrd their c. -ling heights are usually in the
range of 7 ft to 10 ft, The temperature of eart. surrounding the
gshelter ls usuelly affected little during the 14 .day occupancy
period, beyond a reglen that exiends outwardly 5 ¢ from the shelter

walls Including che floor-z’

oW
(9]
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Thus, the maximum depth to be considered for contemporary shelter
heat conduction analysis 1s approximately 20 ft from the surface. The
earth temperatures studied in this report are, however, the monthly
averages which will be coneiderably lower during the summer than the
daily averages particularly near the surface., Thus, the integrated
average temperature from surface to 10-ft depth, instead of 20-ft
depth, ie arbitrarily selected to represent a reasonable earth
temperature criterion for protective shelter heat conduction, Fig. 9,
however, shows that the average temperature of the upper 20 feet of
earth is about 6 degrees lower than for the upper 10 feet of earth
o ths month of August for Lexington, Kentucky.

in studying surmer shelter environment in the United States,
integrated average August earth temperatures from surface to 10-ft
depth are, therefore, of the greatest importance. Cn the other hand,
it is also important to knew the lower end of earth temperature cycle
for the winter occupation c¢f shelters, in which case the integrated
Febriury earth temperatures from the surface to 10-ft depth may be
valuable. The maximum and minimum values of the integrated average
earth temperatures of the upper 10-ft layer of earth are probably most
useful from the standpoint of the underground shelter heat transfer
analysis, Table 4 was, therefore, prepared to summarize annual maxima
and minima of calculated 10-ft depth average earth temperatures for all
of the earth iLemperature stations anaiyzed in this paper. Also listed
in Table 4 are the annual wmaxima and minima of monthly average cir

temperatures observed at weather stations nearby the earth temperature
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stations. The annual maxima and minima of the morthly average air
temperature, however, occur for months of July and January, respectively,
which are both one month ahead of the maxima and minima of earth
temperatures. Although most of the air temperature data are based upon
thirty years' norm . ~92i-1950), the earth temperasture values in Table 4
are derived from records of only a few years' duration, Thus a good
correlation between the annual maximum of the averape earth temperature
to maximum air temperature, or that between the minima, cannot be
expected from these data,

Since all of the monthly earth temperatures in Table 4 and in
Tables STA 1-63 have been calculated for the thermal diffusivity of
0.025 £t3 /hr, the computations were also made of the August earth
temperature at five different thermal diffusivities for the purpose of
comparison as shown in the lower part of Tables STA 1-63. It is
interesting to note that the integrated averages of earth temperature
for the upper 10 ft of earth are not greatly affected by the variation
of earth thermal diffusivities. A diffusivity change from 0.02 £+° /hr
to 0.04 it® /hr, for instance, affects this integrated average earth
temperature by approximately 2°F, whereas the same factor of 2 change
in thermal diffusivity from 0.01 £t /hr to 0.02 ft®/hr affects the
integrated average temperature by 3°F to 4°F. Unless the soil is
extremely dry or highly insulative, however, the in-situ earth thermal

diffusivity is generally higher than 0.015 fta/hr, as seen trom the

values on Tables STA 1-63,




Table & Annual maxima and minima of air temperature and

integrated average earth temperature from surface
to 10-ft depth

3T n(eue
No.  Eaxsh Iege, Station Air Teme, Steticn aﬁ*“?iﬁm Ef*Jﬁzﬁx

t auburn, Ala. Mortgomery, Ala. [ 3] Ta 49 56

N Cecatur, Ala. wantsvilie, Alad 81 n %] 4“8

3 Tempe, Arig. Phoenix, Arta. 90 81 50 59

A Teceon, Ariz. Tucson, Ariz. 8¢ 8s $0 65

5 Brawley, Calif. Yums, Ariz. 95 90 55 68

& Davis, Caltf. Sacramente, Calif. 75 76 (XA 56

? Fr. Collins, Colo. Denver, Colo. 12 63 29 37

a Fr. Collins, Coto. Denver, Colo. 72 63 29 37

9 Ft. Collins, Zolo. Denver, C(olo. 12 (-] 29 36
Gainesville, fla. Orlando, Fla. 82 8¢ 62 69

H Athecs, Ca. Athens, Ca. 81 17 45 57
L2 Tifton, Ca. Albany, Ca. 83 80 51 62
13 Moscowv, Idaho idaho Falls, ldaho® 69 57 16 37
14 Argeans, I1L. (hicago, 111. 5 -2 25 3
) Lemcat, Ill, Chicago, Ill. 75 65 25 39
1% Urbana, Il1. Springfield, I11. 76 67 27 3
17 CUrbana, I11. Springfleld, I1l. 76 &8 27 %2
18 West Lafayette, Ind. South Bend, Ind. ba | 66 25 28
19 furlington, Towa Burlington, Iowa® 77 n 2% 38
20 Manhattan, Xans. Concordis, Kans. a0 o9 28 [3}
21 Lextington, Ky. Lexington, Ky. 76 68 33 &2
22 Lexington, Ky. Lexington, Xy. 16 10 13 (2]
23 Upper Marlboro, Md. Washington, D.C. 77 70 36 &2
24 Fast Lansing, Mich. Eaat Lansing, Mich.€ 71 63 24 37
2 £ast Lansing, Mich. East lansicg, Mich.© 71 64 26 38
28 East Lanstng, Mich. East Lansing, Mich.S 71 63 24 37
27 East Lansing, Mich. East lansing, Mich.© 71 63 24 37
2 East Lansing, Mich. East Lansing, Mich.© 71 63 24 37
9 5t. Paul, Minn, Misneapolis, Mion. 7% 62 15 34
ic State Urniv., Miss, Meridian, Miss. 81 79 48 5%
EH Faucett, Mo, Springfield, Mo. 78 65 33 43
32 Kacsas City, Mo. Yansas City, Mo. 81 6% 30 &2
3] Sikeston, Mo. Springfield, Mo. b n 3 [S)
34 Sozeman, Moat, Billings, Moat. 13 56 23 bx)
35 Sogeman, Mont. Billings, Mont. 73 56 23 32
36 Huatley, Mont. Billings, Mont. 73 o4 23 36
37 Lincoln, Mebr. . Hmpcoln, Kebr, 7% 69 2% 39
38 Lincoln, Nebr, Liscoln, Nebr. 79 8 24 38
B Norfolk, Nabr. Norfolk, Nebr, 76 66 19 40
40 New Brunswick, N.J, Newark, N.J. 3 65 32 42
3 Tthaca, K. Y. Syracuse, N. Y. 73 b1 26 39
@2 Ithacs, ¥.Y. Syracuse, N. Y. N 59 26 39
43 Raleigh, ¥, Car. Raleigh, N. Car. 79 bh) [ 52
s Columbus, Ohio Columbus, Ohio 74 (3] 30 &1
I3 Coshocton, Ohis Columbus, Ohic 74 -3 30 40
4t  Rarnsdall, Okla. Oklahoma City, Okls. 82 7% »” 54
&7 Hominy, Okls. Oklshoma City, Okla. 82 T4 37 52
48 Lake Hefner, Okla. Oklahoms City, Okls. 82 17 37 51
49 Pawhuska, Okls. Oxlahoma City, Okla, 82 % »n 50
$¢  Ottava, Out, Ottava, One. f 68 59 12 36
51 Corvallts, Oreg. Eugene, Oreg. 7 66 i L6
L9 Pendleton, Oreg. Pendleton, Oreg. 75 67 3 3
53 Calhoun, S, Car. Columbis, $. Car. at 76 47 $2
54 tnion, 5. Car. Columbis, S. Car. 81 70 47 “8
55 Madison, §. D. Huroan, §. D.© 73 61 14 3
56 Jackson, Temn, Oak Ridge, Tenn, 7 7 38 49
57 Temple, Texas Vaco, Texas 86 82 47 58
58 Teople, Texass Waco, Texas .13 %) 'Y 9
53 Salt Lske 7ity, Utah Salt Lake City, Utah 78 63 2 490
60 Burlington, Vt. Buclington, Vt. 70 63 18 3s
61 Pullman, Wash. Walla Valla, WashS 76 60 32 36
82 Pullman, Wash. Walls Walla, Wash® 76 58 32 38
63 Sestcle, Mash, Seattle, Wash, 63 [} 3 [}]
Rezarks: *

s. Unless otherwise stated, all the air temperature data are thirty year norm
(1971-1950) afrport data published in Technical Paper Ko, 31, U,5, Weather
Sureau Publication 1956,

b. Earth remperatures shown are integrated average {rom surfsce to 10 ft depth
calculased by observed earth tesperature chsracteristics, each as average,
amplitude and phase angle snd earth thermal di{ffusivity of 0,023 ft2/hr for
wost of the stations,

e. City office air tempersture dats instead of afrport data.

4. Climatological Standard normals of 1931-1960 tnetead of 1921-1950 norm,

e. Exact location of sir tewperature station unknown,

f. Afr temperature dats from Penrod?/
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Carterlg/shows extensive field records of temperature, moisture,

and thermal properties of seven earth temperature and moisture

measurement stations in the Tennessee Valley Area. Carter's data show

that the field thermal diffusivities for various fypes of soil ranged
from 0.016 ft° /hr of clay to 0.045 f£t° /hr of clay-sand with the
majority being in the neighborhodd of 0.025 ft?/hr, with the moisture

content of from 20 percent to 40 percent.

9. Conclusicns

Extensive analyses have been made on earth temperature data from

63 stations located in fifty different areas throughout the United

States. Annual cycles of monthly average earth temperatures have been

used to study and correlate their annual averages, amplitudes, phase

angles and thermal diffusivities.

It has been found that simplified heat conduction theory based upon
the simple harmonic presentation of earth temperature provides an

acceptable approximation of the monthly average earti. temperatures at

various depths, Tve thermal diffusivities compured by the amplitude

and phase lag methods are in reasonably good agreement for most of the

earth .emperature data. The thermal diffusivities computed in these
aralyses from the data for Lexing“on, Kentucky, and Argonne, Illinocis,

ave compatible with those computed by Penrodg/and Carsoa,lO/

respectively.




The tabulated data for the observed monthly average earth
temperature for different localities can serve as a general guide in
estimating egrth temperatures in the vicinitiee of those particular
stations, A monthly average earth temperature at a given point can
be calculated by simple equation (3) if annual average earth temperature
(40), amplitude and phase angle of the ground surface temperature (BO),
an? (PO), and the therms. diffusivity are previously known., 7The
influence of the thermal diffusivity upon the integrated average eart!
temperature to a depth of 10 ft is not toc critical in that unc.~tainty
by a factor of two in the diifusivity frcm 0.02 to 0.04 ftz/hr produces
only about 2°F change in average tempcrature for the month of August,

This analysis indicates that the annual averczge earth temperature
in the range studied 1s invariant with respect to depth and is very
closely approximated by the annual average air temperature or by
Collin's ground water temperatufe map, shown in ¥Fig. 1.

The temperature data analyzed in this rerort are, however, not
extensive enough to provide & good statistical or functiovnal correlation
of ground surface tempevature amplitude and the phase lag with respect
to climatolc ical and site characteristics of the earth temperature

stations,
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An adequate analysis of heat transfer in underground structures
requires information on earth temperature distribution from the surface
to a depth of about 10 ft, Very few of the data compiled in this
report cover more than a 6-foot depth from the surface. The extensive
calculation of earth temperatures for depths of 2, 4, 6, 8 and 10 ft
and the integrated depth average for all of the earth temperature
stations employed in this paper have been based on the temperature
characteristics derived from the observed monthly average earth
temperatures and selected thermal diffusivity of 0.025 ftZ/hr. Annual
maxima and minima of the upper 10-ft earth temperature are summarized
in Tabie 6 of this paper. Until more comprehensive and substantial
data are made gvailable in the future, the values of Table 6 may
serve as tentative design criteria for analyzing the heat transfer of

underground structures,




10. Recommendations:
Although a considerable amount of earth temperature data have baen

compiled during this study, deep earth temperature data (to the depth
of more than 3 ft) are conspicuously missing from most of the southern
and western states as seen from Fig. 1. Establishment of new earth
temp :rature stations in these regions 13 clearly needed.

The following suggestions should be considered in selecting earth
temperature stations for future studies related to the design require-
ments for shelters:

(1) Earth temperature sites should be close to local weather
stations where simultaneous observations of air temperature,
rainfall, solar radiation and other pertinent records are
kept.

(2) Earth should be bare or covered with short grass. 1f possible,
two sites should be chosen at the same relative location;
one grass-covered and one bare.

(3) Soil composition and dry density should be determined and the
moisture content should be checked at intervals during the
period ¢f study.

(&7 Enough observations stiould be taken during the day to obtain
a good dally average temperature, particularly at depths less
than 3 ft,

(5) At least taree vears of continuous data are needed.

(6) Temperature shouid be observed at five or more depths at

least three of which should be i:i excess of - 1.
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ti. Appendix: Discussion of Least-Squares Technique

Numerous papers are aveilable with respect to the calculation of
earth temperature. Recent papers of Penrod,§£2/ Caraon,lg/ and
Langbeinll/are, however, noteworthy from the standpoint of their
distinctly different approaches,. Penrod?/ developed equations of a

single harmonic term to describe the annual ground temperature cycles

E]

of Lexington, Kentucky, and Ottawa, Ontario. Caraonlg/described the
hourly apd monthly earth temperatures of Argonne, Illinois, by a
Fourier series of six harmonics.

Langbeinllf has shown a method of predicting the earth temperature
at a point as a weighted function-of antecedent temperatures at the
ground suiface using the probability integral function.

Examination of Carson's worklQ®/ reveals that as much as 99.8 and
as little as 937 of the total variance of the annual cycle are accounted
for by the first harmonic. 1In this paper, therefore, equations of
simple harmonics of the following type have been developed to describe
the monthly earth temperature at sevaral depths using a least-squares

firtting technique:

t =A - B cos (W@~ P) A-1
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where t = monthly average ground temperature at a point for a given time
A = annusgl average earth temperature, °F
B = annual amplitude of the earth temperature, °F, at a given

depth

W = angular velocity corresponding to the annual cycle, radian/hr

© = elapsed time from January 1, hr

P = phase angle of tgz-earth temperature at a given depth, radian
The values of A, B, and P have been so determined in this analysis that
rhe following least-squares relationship has been satisfied:

N 2
S= 3w (t - tg)" ™" minimum A-2
K=1
where w = observed earth temperature at a given point and for a given
time

and N = total number of observed data at a given point

The standard deviaticn of thke least-squares fit values from the

observed temperatures is designated and calculated by the following

relation:

S
sD = §3 A-3
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Any time series, such as earth temperature data, consisting of a
finfte number of equally sprced data points can be completely accounted
for by a finite number of sine and cosine terms in a Fourier Analysis,
This was done exactly by Carsonlg/ for the analysis of a monthly
average and daily average earth temperature series consisting,
respectively, of 12 and 24 equally spaced data points in Argonne,
Illinois. An examination of Carson's results indicates that the
higher harmonics of Fourier series have a very minor contribution
to the description of the annual cycle for all the depths. It should
be noted, however, that the higher harmonics show a considerable
infiuence upon the diurnal earth temperature equations for all the
depths, regardless of the time of year. Since the annual variation
of the monthly averege temperature is of a greater interest than the
diurnal variation for the purpose of shelter design, the use of the
higher harmonics is not warranted. It is hypothes. zed therewith that
any deviation of monthly average soil temperature data from simple
harmonic time function is statistical rather than functional. And it
is also assumed that the constants A, B, and P of equation A-1 for a
given temperature point are independent of the year when the data are
teken; namely, they are the intrinsic properties of the particular

point.
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One of the purposes of this study is then the determination of A,
B, and P at several depths of earth for many soil stations throughout
the United Stat?s. Compared with the technique employed by Penrodg/
for the determination of B and P, the least squares technique developed
here is fundamentally more straightforward, simpler, and requires no
human judgment, The method is better suited for a machine calculation,

The comparison of the least squares technique with the Fourier
analysis or harmonic analysis technique is most interesting. Such
discussion {8, however, beyond the scope of this report except that
the Fourier analysis uses the ecarth temperature data as time dependent
variables (single valued), whereas the least squares tecinique uses
the earth temperature data as time dependent variates which are random
in nature and multi-valued.

The Langbein techniquelﬁlis of different nature and beyond the

scope of this discussion.
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Using the symbols listed in the Nomenclature section of this
report, a quantity 6§, is defined by relation A-2 such that
5 v
S-S(: - A+ Bcos (W, - P) A-4
=1 ¥ S

where N does not have to be 12 or its multipies, A, B, and P are

determined by solving simultaneously the following equations
a8
-l
g—:--o A=5

K]
"0

The following notations a&-e now introduced:

o =% ¢

A-6

F - 2
24 L sin UJO‘

gs = L gin wo‘ cos wo‘ .
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Relations A-2 become then
00 ~NA+ B (§1 cos P +»52 sin P) = 0
(O'1 - Agl) cos P + (02 - Afz) sin P
=-B (fycos" P+ %, stn’ P+ % win 2P) A-7
(01 - Ail) sin P - (02 - A§2) cos P
=B {!S cos 2P - (§3 - %a) sia P cos P}

By noting that

gl 32 0

g, - 54--'21 vhen ex--‘%—l- T, K= 1,2,.....5 A8
f =

£, = 0

where T = period of the cyclic dats, one obtains

A B
N

2 L 2 N 3
B= - . V&i t‘ cos WOK) + tK sin WO‘)

-1 L tg sin WOy
and P = tan 1 -__!..__.._ A-9
L tg cos Wy

An sdvantage of the least =qua~=-7 technfane ewoloved in this
analysis {s that it does not require conditions A-8. Thus, the earth
tempersture observation for certain months could be completely missing
vheress some other months may have seversal observations. Although
the determination of A, B and P for this procedure {s much more
complicated than those expressed by A-9, an itcrative solution of
A-7 {s readf{ly obtained by en electronic computer.
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The iterative solution of A-7 i3 actua.ly unnecessary if the
expression of A-4 15 modified so that the normalized least squares
equation A-5 are all made linear with respect to linearized varfiables.

It {e also poszible to add one more partial derivative term such
%TS)= 0 to A-5 and solve it together with the rest of the linear normal
equations., In this way it is possible to find a single (not twu)
thermal diffusivity that will satisfy the least squares requirement
together with other least squares constants such as A, B and P,

Further work is in progress along this line and will be discussed

in a {orthcoming report,
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Figures 8T-1 to Annual aversge earth temperature and amplitude plotted
8T-19 against depth

igures SP-1 to [Rarth temperature phase angle plotted against depth
8P-19
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Tables ST-1 to
S§T=-63

Tables STA-1 to
STA-63

Summary of observed earth temperatures, results of
leust-~quares analysis, and calculated earth
temperatures using the least-squares constants for
all of 63 earth temperature stations

Calculated earth temperatures for selected depths and
thermal diffusivities, and intsgrated average
temperature for upper 10-ft earth stratum for 63
earth temperature stations




EARTH TEMPERATURE STATICN

AUBURN, ALABAMA

TYPE QF SOIL SANDY SOIL ]
TYPE CF EARTH SURFACF UNKMOWN

DATA PRCCESSED BY Ee M. FITTUN

DATA SOURCE REFERENCEL4)

PERIQD OF OBSERVATION 18¢9

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW

SURFACE(IN) J F M A M J J A S 0 N D

3.0 4845 5045 55.2 6505 722 7420 8645 82.2 75.5 64.8 52.2 52.0
6.0 4802 5545 5248 6448 T2.0 7345 85.8 81.5 75.0 65.2 52.8 51.2
24.0 49,5 50.5 53.8 62.5 70.5 74.2 81.5 80.0 80.8 68.2 58.8 55.0
48.0 52¢5 50.5 5345 5948 67.2 72.2 770 78.0 708 70.8 63.5 58.5
96.0 5860 5545 55.2 5742 51:2 672 710 7342 75.0 72.5 77.0 63.5

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD

SURFACE(IN) AVERAGF(A) AMPLITUDE!B) PHASE ANGLE(P) DEVIATION

3.0 65.0 17.5 Ce56

3.0

6.0 65.0 16.6 C.56 3.4
24.0 €5.5 16.1 0.77 2.0
48.0 64.6 12.8 C.91 1.7
9.0 65.6 10.5 1.53 2.6

CALCULATEC FARTH TEMPERATURES AT OUBSERVED DEPTHS(#)

MONTH -OF YEAR
DEPTH BELOW

SURFACELIN) J F M A M J J A S o N D

3.0 4844 50,7 5649 650 73,2 79.4 8l.6 79.4 73,1 64.9 56.4 50.5
6.0 48e7 508 5604 646 T247 7849 Ble3 792 73.2 6542 56.9 51.0
242 5009 51.8 56.0 62.8 70.1 7641 79.1 78.3 73,8 67.1 59.6 53.8
48.0 53,6 5343 55.9 6lel 6742 72.9 763 7647 73.9 68.8 62.5 57.0
96.0 5843 56.7 57.1 597 63.6 6841 71.5 73.3

(#} BASEC PARAMETERS USED FOR THE CALCULATIOW

A =65-0'BO=17.09 PC=0.49 'D=¢047




STA- 1
EARTH TEMPERATURE STATION AUGURN, ALABAMA

CALCULATED FARTH TEMPERATURES AT SELECTED [EPTHS
FOR DIFFUSIVITY=0.025s A= 65.0 9B0= 17.0 AND PO= 0.49

MONTH OF YEAR
DEPTH BELOW
SURFACC{IN) J F M A M J J A ) o N D

24.0 5149 5243 55.9 6241 6849 7449 78.1 77.7 73.9 67.8 60.7 55.0
48.0 5545 5445 5642 60e4 65.6 T0e9 T4a4 75.5 73,7 69.6 64.1 59.0
72.0 58,5 5648 57.2 59.7 63.5 679 7T1e3 73,2 72,7 70.3 66,3 62.1
9.0 6140 590 58.5 59.7 62.3 65.7 688 T1e0 Tle5 7022 675 6442
120.0 6269 60e9 59.9 60.3 61¢9 6404 670 691 70.1 69.7 68.0 65.6

INTEGRATED

AVERAGE FROM

SURFACE 565 5547 57¢2 6069 6506 7042 73e4 T43 72.7 69.1 64.2 50,7
T0 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

UDEPTH BELOW DIFFUSIVITIES
SURFACE( IN) 0.010 0.020 0.025 0.030 0.040
24.0 76.5 77.5 7.7 i7.9 78.2 !
48.0 72.8 74.9 75.5 75.9 76.5
72.0 69.6 72.4 73.2 13.8 74.6
96.0 67.1 70.1 71.0 71.7 72.8
120.0 65.6 68.1 69.1 €9.9 7l.1 H
INTEGRATED '
AVERAGE FROM :
SURFACE 1.7 13,7 T4e3 74.8 75.5
TO 10 FT.

£3 PRy ™ . MR et s MY e e o R

AL el ncien A Sin A




TYPE CF SOI

DATA SOURCE

DEPTH BELOW
SURFACE(IN)

4.0
12.0
24.0
48.0
72.0

L

J

39,6
43.7
42.8
49,2
51l.4

TYPE CF EARTH SURFACE
DATA PROCESSED BY

PERIGC OF OBSERVATION

F

45,3
45.2
43.8
46.8
50.9

EARTH TEMPERATUE STATION

DE
Sl
GR
us

19

MONTH OF YEAR

M A M

47.2 55.2 67.0C
46.7 54.6 67.

46.9 51.3 60.1
49.8 52.5 59.2
5lel 5248 58.1

J J A

72.4 75.0 71.9
T6e3 77.1 75.9
68.5 70.3 73.3
67.2 T1.3 76.8
£€2.9 67.1 72.3

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW
SURFACE{IN)

4.0
12.0
24.0
48.0
72.0

AVERAGE (A)

56.9
60.1
57.3
60.6
61.0

18.
18.
15.
14.
10.

AMPLITUDE(B) PHASE AN

7
0
1
1
8

ST- 2
CATUR, ALABAMA
LT LOAM
ASS

WEATHER R.C.

49-1951

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

S 0 N 0

6Te5 6145 4ls1 35,4
708 649 51.6 44.5
6B.2 6243 53.6 45.4
72.9 68,6 59.8 51.4
69.0 69.4 65.9 59.4

STANDARD
GLE(P) DEVIATION
C. 47 3.9
0.67 3.6
C.82 3.0
1. 06 3.6
1.37 3.0

CALCULATED EARTH TEMPERATURES AT OBSERVED DEPTHS(e)

DEPTH BELOW
SURFACELIN)

4.0
12.0
24.0
48.0
72.0

J

39.8
41.3
43.6
47.8
51le5

42.7
43.3
44.4
46.9
4%.6

MONTH OF YEAR

M A M

49,6 59.4 68.8
49.1 57.9 66.8
48.7 56.1 64.1
49.0 53.9 60.0
50.1 53.0 57.4

J J A

75.8 78.2 75.4
73.8 76.6 T4.8
70.9 74.3 73,7
66.0 70.0 71.1
62.4 66.3 68.4

(#) BASIC PARAMETERS USED FOR THE CALCULATION

A =259.0,30=20.0,P0=0.45 4D=.023

S o N )

68.0 58.% 48.8 42.)
68.5 59.9 50.8 44.2
69.0 61.8 53.6 47,0
68.8 64.0 57.7 S51.9
67.8 64.9 60.3 55.5




STA- 2
EARTH TEMPERATURE STATION DECATUR, ALABAMA

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY=0.025y A= 59.( ,80= 21.0 AND PO= 0.45

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S C N 0

24.0 42,7 4345 48.2 56¢] 64.5 TloT 7543 74.95 69.5 61l.8 53.1 46.2
48.0 47.0 4641 48,4 5347 6043 667 T0.9 T1e9 694 6422 STath 5142
2.0 5048 48.8 49,5 5248 57.6 62.9 67.1 69.2 68.4 65.2 60.2 55.0
96.0 5348 5145 51.0 52.7 5640 60.2 6440 6645 6509 69522 vleB 577
120.0 5662 53,8 52.7 5343 5543 58.5 6leb 6442 65.3 64.7 2.5 59.5
INTEGRATED
AVERAGE FROM
SURFACE 48e¢3 47.5 49.6 54.3 60,1 65.8 69.6 70.5 68.2 63.6 57,6 52.1
T0O 10 FTa

CALCULATELC AUGUST EARTH TEMPERATURE AT SELECTEL DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 0.030 0.040
24.0 73.1 T4.2 T4.5 4.7 75.0
48.0 68.7 Tl.3 71.9 2.4 713.1
72.0 64.8 68.2 69.2 €9.9 70.9
96.0 6l.48 65. 4 6645 6T.4 68.7
120.0 5%.8 63.0 6442 €5.2 b6.6

INTEGRATED

AVERAGE FROM

SURFACE 67.3 69.8 10> Tl.1 T1.9

o 10 FT.




$T- 3

EARTH TEMPERATURE STATION TEMPE, AR IZONA
TYPE OF SOIL SANDY SOIL

TYPE OF EARTH SURFACE CITRUS GROVE
DATA PRUCESSED BY

DATA SOURCE US WEATHER R,C.
PERICC OF ORSERVATION : 1957-1959

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
UEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N

D
8.0 49,7 53.3 60,6 68.9 T73.8 Bl.9 86.4 86.8 78.7 68.9 55.5 50.1
20.0 54,0 5601 6245 69.0 T4.3 Ble5 B6.4 87,1 82,6 73.4 62.0 55.9
39.0 56e7 5646 60.4 65,0 704 T7.4 82.6 83.5 8l.5 75.0 65.3 60.0
8900 63.2 61.3 61.1 6208 6803 70'9 75)3 77.6 7802 7507 71.7 67 3

RESULLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGFE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
8.0 68.0 18.6 C.53 25
20.6 70.5 16.4 0.66 1.9
39.0 6907 1307 0.88 1'1
89.0 69.5 8.6 1.32 1.3

CALCULATEC EARTH TEMPERATURES AT OBSERVED OEPTHS(e)

MONTH OF YEAR _
DEPTH BELOW
SURFACET(IN) J F M A M J J A S 0 N 0

8.0 51 i 53¢8 60.0 69.3 78.6 85.7 88.5 86.3 79.6 70.5 61.0 54.2
20.0 537 She7 59.6 67.5 75.9 82.9 86.3 85.3 80.1 72.3 63.7 57.0

39.0 57«0 56¢6 59.5 65.5 72.5 79,0 82.9 83.5 80.2 74.4 67.2 60.9
89.0 64e] 61.9 61.7 63.8 6T.5 71.9 75.7 78.1 78.2 76.1 72.3 68.0

(#) BASIC PARAMETERS USED FOR THE CALCULATION

A .1000080320000P0‘0.‘7 10‘0027




EARTH TEMPERATURE STYATIUN TEMPE, AR

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY=0,025, A=z 70.0 ,80= 20.0 AND

MCNTH OF YEAR
DEPTH BELOW
SURFACEL IN) J F M A M J J A S

24.0 5445 55.2 59.5 66.9 74.9 81.9 85.4 84.9 80.2
48.0 58e7 57¢7 59.8 64.8 71.0 77.1 81.2 82.3 80.0
72.0 6243 60.7 60.9 6349 6844 T3.6 77,6 79.6 79.0
96.0 €562 62.7 62.4 6309 67.0 71.0 T4.6 77.1 17.6
120.0 ETed 65.1 640 64.5 664 69.4 T2.4 T4.9 76,0
INTEGRATED
AVERAGE FROM
SURFACE 59.9 59.0 60.9 65.3 70.9 16.3 80.0 8l.0 78B.9
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE( IN) 0.010 0.020 0.025 0.030
24.0 83.4 84.6 84.9 5.1
48.0 79«2 8l.7 82.3 82.8
72.0. _ TS5.4 18,7 719.6 80.3
90.0 72o6 76‘0 77.1 78.0
120.0 70.7 73.8 14.9 15.8
INTEGRATED
AVERAGE FROM
SURFACE 17.9 80,3 8l1.0 8l.5

TO 10 FT.

STA- 3
[1ZONA

PO= 0.47

0 N D

73.0 64.7 58.1
75.1 68.7 62.8
T6.0 71.3 66.4
76,0 T72.8 68.9
75.5 73.5 70.6

T4.6 68.8 63.6

DIFFUSIVITIES

0.040

85.4
83.4
8l.3
719.2
T1.2

82.3




ST- 4

EARTH TEMPERATURE STATION TUCSON, ARIZONA

TYPE OF SOIL UNKNCWN

TYPE OF EARTH SURFACE BARE 1

DATA PROCESSED BY JEN-HU~CHANG

DATA SOURCE REFERENCE(S) i
19¢8 f

PERLOD OF QBSERVATION 1937-1938

OBSERVFD MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELCW
SURFACE( IN) J F M A M J J A S 0 N 0

3.0 53.6 539 61e2 75.6 83.2 85.3 80.3 8l.1 T9.8 77.0 65.5 53.5
1200 57.6 5608 6104 1005 7702 8304 8806 90.6 88.8 81'6 71.2 610l
24.0 6248 61eR 6543 70.2 76.2 81l.4 86,0 88,1 87.4 8l.8 74.3 65.8
712.0 64e7 62.5 63.4 65,5 70.9 75.6 79.1 82.2 83.0 B81.0 75.4 68.8

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD 5
SURFACE({IN} AVERAGF(A) AMPLITUDE(B) PHASE ANGLEL(P) DEVIATION i
i
3.0 70.9 16.0 C.52 h.b
12.0 74.2 17.1 C.87 1.5
24.0 75.2 13.2 0.96 1.1
72.0 12.17 10.3 1.28 0.8

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTHS(e)

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S 0 N 0

3.0 5840 58.0 62.2 T0.1 79,1 8742 91.9 92.0 87.5 79.7 70.5 62.7
12.0 596 S5B.F 62.3 69.3 7.6 85.5 90.3 91.1 87.4¢ 80.5 T1.9 64.4

24.0 6le5 60.2 62.6 68.5 76.0 83.4 88.) 89.8 B87.1 B8l.4 73.6 66.5
72.0 68el 65.4 65.1 67.5 T1L .8 T7.1 8l.7 84.6 84.8 82.4 77.9 72.8

(o) BASIC PARAMETERS USED FOR THE CALCULATION

A =75,0,80=18.0,P0=0.77 ,C=.039




EARTH TEMPERATURE STATION

CALCULATED EARTH TEMPERATURES AT SELECTED CEPTNS
FOR DIFFUSIVITY=0.025,

DEPTH BELOW
SURFACE(IN) J

24,0 62.4

48,0 6646

12.0 69.9

96.0 125

120.0 14.3
INTEGRATED
AVERAGE FROM
SURFACE 67.5
TO 10 FT.

60.8
64.1
67.1
69,6
Tle?

65.3

62.8
64.4
66.2
68,2
70.0

65.5

MONTH OF YEAQRQ

A

68.2
67,5
67.7
68.5
63.6

66.3

75.3
72.6
1.1
70.6
70.6

72.8

82.4
75.6
73.9
72.9

78.1

87.4
83.2
719.9
T7.4
75.6

82.3

STh~ &

TUCSON,ARIZONA

89.2
85.9
82.9
80.3
78.3

84.7

)

87.0
85.6
81.8
80.0

84.4

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND LELECTED DEPTHS

DEPTH BELOW
SURFACEI(IN)

26.0
48,0
72.0
96.0
120.0
INTEGRATYED
AVERAGE FROM
SURFACE
YO 10 FT.

0.010

87.3
82.5
78.7
76.3
74.9

Bl.6

0.020

88.8
85.2
81.9
79.3
17.3

84.0

CIFFUSIVITIES

0.025

89,2
85.9
82.9
80.3
18.3

84.7

0.030

89.4
86.5
£3.7
8l1.2
79.1

85.3

A= 75.0 ,80= 18.0 AND PO=

0.77

0 N

8l.7
82.4
82.2
8l.5
80.4

8l.6

T4 &
17.2
78.7
79.3
79.3

16.9

0

67.5
71.5
T74.3
T6.1
17.1

71.9

DIFFUSIVITIES

0.040

89.8
87.3
84.0
82.5
80.4

86.1




$T- 5
EARTH TEMPERATURE STATION BRAWLEY,CAL IFORNTA
TYPE OF SOlL SILTY CLAY
TYPE CF EARTH SURFACE BARE
DATA PRUCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA
PERIOD OF OBSERVATINN 19¢0-1962

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) 4 F M A M J J A S 0 N D

4.0 49.5 55.7 62.8 74.4 78.9 88.2 93.6 94.2 88.3 76.1 63.0 52.8
8.0 5508 60.5 65.9 76.0 80.6 89.2 95.6 95.4 91l.]1 8l.B 69.2 60.0
12.0 5902 62.5 67.7 77.0 8143 89.8 96.0 97." 93.0 83.6 72.6 63.6
20.0 61e5 640l 679 Tbel 80.6 B87.7 93,6 95.6 92.56 85.0 75.4 66,7
39.0 €5.5 65.9 6T.6 73.2 77.5 82.5 88.3 91.2 90.5 85.8 79.1 7T1.5
79.0 12.8 70.9 70.9 72.8 75.7 78.7 82.7 86,0 87.2 86.1 82.46 V7.8

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGE(A) AMPLITUDE(B? PHASE ANGLE(P) DEVIATION
4.0 1.2 21.5 £.61 3.0
8.0 16.9 19.4 0.70 2.6
12.0 78.8 18.2 C.75 2.3.
20.0 19.0 16.3 C.84% 1.9
39.0 78.2 12.8 1.08 1.5
719.0 78.7 8.3 1.48 0.8

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS{e)

MONTH OF YEAR
DEPTH BELOMW
SURFACEL(IN) J F M A " J J A 5 a N D

4.0 60,0 6led 6T.2 7605 BEal 4.2 37.9 96.6 90.4 8l.4 7T1.% 63.7
8.0 €1.0 61.9 67.1 75.7 85.0 93.0 96.9 96.1 90.6 82.1 72.5 6%.9
12.0 61.9 62.4 67.0 75.1 84.0 91.8 96.0 95.6 90.7 82.7 73.6 66.1
20.0 62.8 63.5 67.0 74.0 82.2 89.6 94.]1 94,4 90.7 831.8 75.4 68.2
39.0 67.8 66.2 67,8 72.5 78.8 85.3 90.0 91.8 90. 85.4 78.% 72.3
19.0 Téed 717 T0.9 72.2 75.3 79.5 83.4 86.2 87.1 85.7 82.5 70.5

{s} BASIC PARAMETERS USED FOR THE CALCULATIUN

A -79.0.80!20.0, PO‘O-&O 'D’o\')lq

i
;




EARTH TEMPERATURE STATION

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR OIFFUSIVITIY=0.02%, A= 79.0 ,80= 20.C ANC

MONTH OF YEAR
DEPTH BELOW

SURFACE(IN) J F M A M J J A S
24.0 €4.0 63.6 6T7.1 73.9 82.0 89.4 93.9 94.4 90.7
48.0 68,4 66.6 68.0 T2.3 78.4 84.8 89.4 91.4 89.9
72.0 72.1 69.6 69.5 72.0 76.2 Bl.4 BS5.7 88.4 84.4
96.0 75.0 72,3 71.3 72.4 75.1 79.0 82.8 85.7 86.7
120.0 77.2 74,6 73,1 73.2 764.8 77.6 80.7 83.4 84.9

INTEGRATEU

AVERAGE FROM

SURFACE £9.6 68.0 69.2 73,1 78.4 84.1 868.3 90.0 88.7

TO 10 FTV.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW OIFFUSIVITIES

SURFACEL IN) 0.010 0.020 0.025 0.030
24.0 92.7 946.1 4.4 4.7
48.0 87.9 90.7 9.4 91.9
12.0 83.9 87.4 88.4 9.1
96.0 8l.1 84.5 A5.17 88.6
120.0 79.4 82.3 8.4 24.3

INTEGRATED

AVERAGE FROM

SURFACE 86.7 89.3 30.0 90.6

10 10 FT.

PO=

STA- 5

BRAULEY, CALIFORNIA

0.60

0

as5.6
86.0
85.6
84.8

84.8

75.6

79.

81.5

82.
83.

79. -

N

]

68.5
73.2
T6.6
78.9
80.4

3

7
1

x

3.8

OIFFUSIVITIES

0.040

95.0
92.7
90.2
87.9

9.5




sT- 6
EARTH TEMPLRATURE STATICN DAVIS,CALIFORNIA
TYPE CF SOIL RECENT ALLUVIUM
TYPE CF FARTH SURFACE UNCRDPFPED
DATA PROCESSED BY E.P.FITTON
DATA SQURCF REFERENCF(4)
PERIOC OF ORSERVATINN 1925-1927
OBSERVED MUNTHLY AVFERAGE EARTH TEMPERATURES
MONTH OF YEAR
DEPTH BLLOW
SUKRFACELIN) J F M a M J J A S 0 N D
05 48.0 S5l SR.4 63,2 T6.8 82.0 90.6 86.0 77.4
3.0 48.2 49.9 55.2 61.9 72.9 T8.9 86.6 83.2 76.4
&.0 48,8 50.2 54.5 60,9 72.0 7R.0 87.2 84.5 79.4
12.0 48.5 50,2 53.7 60.2 70.8 T6.4 B4.4 83.0 77.2
24.0 53,2 S51.7 4.6 59.7 68.4 72.9 82.8 82.8 78.2
36.0 €1e2 91.4 54.3 60,1 68,8 72.9 80.8 82.5 78.6
QESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOw STANDARD
SURFACEL1%) AVFRAGL (A) AMOLITUNE(R) PHASE ANGLE(P) DEVIATION
0eS 67.9 19.4 C.63 2.2
3.0 66.72 1.2 C.b67 1.4
6.0 67.0 18.3 Ce 9 1.5
12.0 £5.9 17.4 0.78 1.3
24.0 £6.9 1.2 C.27 1.5
) £6.3 15.4 C.3} 1.3




EARTH TEMPERATURE STATION

CALCULATED EARTH YEMPERATURLS AT SELECTED CLEPTHS
FGR DIFFUSIVITY=0.025, A= 66.0 ,8B0= 19.0 AND

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A

[7¢]

2440 5149 51+3 54.4 60.8 68,4 75.5 80.0 80.7 77.4
48,0 56e1l 54.3 55,4 59,4 6541 T1e2 75.7 TT.7 76,5
72.0 596 57s1 56.9 59.1 €31 68.0 72.2 T4.8 75.0
S6.0 €244 5947 5847 53,6 6241 65.8 6.4 T2.2 73,2
120,0 €4e4 61,9 60.5 60e4 5109 54.5 6744 T0.1 /1.6
INTEGRATED
AYERAGE FROM
SURFACE 572 555 5645 6041 6542 70.6 T4 Tb:.4 T5.4
Y0 10 F7.

CALCULATEC AUGUST EARTH TEMPERATURE AY SELECTED
AND SELECTER DEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACELIN) 0.010 0.020 ¢.025 C.230
24.0 - 7340 80.4 80.7 1.0
48.0 T4.4 17.0 1747 18,3
12-0 70+ 6 73.9 T4.3 i%.6
96.0 67.9 Ti.1 72.2 713.1
120.0 66.3 69.0 70.1 70.9
INTEGRATED
AVERAGE FROM
SURFACE 73.2 5.7 76.4 17.0

T0 10 FT.

PO=

1.1
72,5
12.8
12.4
11.5

71.8

STA- 6

DAVIS,CALIFORNIA

0.63

63.3
66.6
8.7
69,7
70.0

66.6

5644
6G.8
64.0
66.1
67.5

6l.3

DIFFUSIVITIES

0.040

8i.3
78,0
76.6
Tée4
72.3

e



$T- 7

EARTH TEMPERATURE STATINN F¥e. COLLINS,COLO.
TYPE CF SOIL UNKNOWN

TYPE CF EARTH SURFACF UNKNUWN

DATA PRUCESSED BY E.F.FITTON

DATA SOURCE REFERENCE(4)
PERIOD OF NBSERVATINN : 18¢t9-1927

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S 0 N D

. 3.0 277 296 3645 4640 56.5 6647 Tleh 69.3 61l 4843 36,7 29,7
' 6.0 29.3 30.6 37.1 47.4 5646 67,0 71.9 T0.4 62.8 50.8 39,0 30.2
12,0 32.8 3l.l 3646 45.5 55.8 65.5 70.92 T70.1 63.7 52.3 40.7 33,2
24.0 32.9 32.7 36.8 4543 53.3 62.5 6B.5 68.8 64.0 54.4 43.7 36,5

36.0 315.4 32.6 37,1 43.6 51.1 59.1 65.2 66.6 63.4 35.5 46.0 38.9
12.0 42,5 40.5 40.8 44.2 48.8 5442 59.2 61,8 62.0 58.0 52.1 46.5

RESULTS OF LFAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE({IN} AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
3.0 48.4 22.1 C.58 1.2
6.0 49.5 21.9 .61 1.2
12.0 50.0 20.4 0.69 L.5
24 .0 50.0 18.6 c.78 0.9
36.0 49,6 16.6 0.90 0.8
12.0 50.9 10.9 l.21 0.5

s




EARTH TEMPERATURE STATION

CALCULATEC EARTH TEMPERATURES AT SELECTFD DEPTHS
FOR DIFFUSIVITY=0.025, A= 50.0 ,B0= 24.0 AND

MONTH OF YEAR
DEPTH BELOW '
SURFACEILIN) J F M A M J J A S

24.0 31.7 31.8 3644 45.0 S4.7 63.3 68.2 6L.2 63.2
48.0 3609 35.1 37.2 42.8 50.1 57.7 63.0 64.9 62.6
72.0 41e2 38.6 38.8 42.1 47.3 53.5 58.6 6l.4 6l.1
96.0 4448 417 4048 42.3 45.8 50.6 55.0 58.3 59.2
120.0 4744 44.4 46249 4342 45.3 48.7 5244 55.6 57.1
INTEGRATED
AVERAGE FROM
SURFACE 2843 36+8 38.6 43.6 50.1 5648 61.5 63.2 6l.2
¢ 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN]) 0.010 0.020 0.025 0.030
24.0 6643 67.9 68.2 68.5
48.0 60.9 64.0 64,9 6%.5
72.0 56.2 60.3 6led 62.3
6.0 52.8 5649 58.3 $9.3
120.0 50.6 54.2 55.6 6.7
INTEGRATED
AVERAGE FROM
SURFACE 59.4 62.3 . 6342 63.9

TO 10 FT.

PO=

54.8
57.1
57.9
57.6
56.8

56.3

STA- 7

0.54

44,9
49,5
52.4
54.0
54.6

49.5

36.6
42.2
46.4
49.3
51.2

43.1

DIFFUSIVITIES

0.040

68.9
66,3
63.6

S8.4

64.9




ST- 8

EARTH TEMPERATURE STATIUON . FTe COLLINS,COLO.
TYPE CF SOIL UNKNOWN
TYPE OF EARTH SURFACE GRASS
DATA PROCESSED 8Y JEN-HU-CHANG
DATA SOURCE REFERENCE(S)
1958
PERICC OF ORSERVATINN : 19C6~1946

DRSERVED MONTHLY AVERAGE EARTH TEMPERATURES

DEPTH BELOW
SURFACELIN)

3.0
6.0
12.0
24.0
36.0
72.0

J

2841
29.4
30.7
33.3
36,1
ll}ol

MONTH OF YEAR
F M A M J J A S 0 N D

3062 37.1 4741 5648 672 T2.6 7043 61e7 49.0 37.2 30.2
31.9 37.4 47.8 57,0 6743 72.3 71.1 63.3 51.2 39.1 31.7
31e6 3742 47.3 5604 6601 T2e1 T1le2 64¢4 53.1 41.2 33,8
13,72 37.3 45.8 5442 63.2 696 69.8 6447 55,1 44.4 37.0
354 3748 44.5 5241 60.1 66.6 68.0 64e6 5606 47.2 40.0
41,2 41.5 4449 49,9 55.8 61lel 63.9 63.5 59.3 53.3 47.4

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW
SURFACE(IN)

3.0
6.0
12.0
260
36,0
72.0

STANDARD

AVERAGE{A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
49.1 22.2 C.58 1.3
50.0 21.8 0.61 l.1
50.5 21.1 0.67 1.0
50.7 18.9 .78 0.9
50.8 16.5 0.90 0.8
5Z.1 11.6 1.19 0.4

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS(®)

DEPTH BELCW
SURFACELIN)

J

267
2T.4
28.8
3l.5
3401
40.8

MONTH OF YEAR
F M A M J J A S 0 N D

29e7 3T7.0 48.7 6043 69.5 7343 70.8 62.5 51.1 39.1 30.4
29.6 3649 48.1 59.5 68.6 T2.6 T70.5 627 51.7 40.0 31.3
3063 366 47.0 57.8 66.8 T1.2 69.8 63.0 52.9 41.7 33.0
317 3604 45.]1 54.9 63.6 68.4 68.4 63.2 54.7 44.7 3643
33,2 3646 43.8 52.4 60.6 65.8 66.8 63.1 56.1 47.1 39.2
38,2 3846 42.1 47.6 53.9 59,0 61.8 61.3 57.8 52.1 %6.0

(») BASIC PARAMETERS USED FOR THE CALCULATION

A =250.0,80=24.,0,P0=0.54 ;D=.027

R BARERR L e




EARTH TEMPERATURE STATION FT. COLL

CALCULATEC EARTH TEMPERATURES AT SFLECTED CEPTHS
FOR DIFFUSIVITY=0.025; A= 50.0 ,B0= 24.0 AND

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S

24.0 3147 3148 3644 45.0 56,7 63.3 68.2 68.2 63.2
48.0 3609 35.1 3742 4248 50.1 57.7 63.0 64.9 62.6
72.0 41,2 38.6 38.8 42.1 47,3 53.5 58.6 614 6l.1
96,0 44,8 41,7 4048 42.3 45.8 5046 55.0 58.3 %9.2
120.0 47.4 44.4 42.9 4342 45.3 48.7 52.4 55.6 57.1
INTEGRATED
AVERAGE FROM
SURFACE 3843 36.8 38.6 43,6 50.1 56.8 61.5 63.2 61.2
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 0.030
24.0 6643 67.9 68.2 €8.5
48.0 60.9 64.0 64.9 6955
72.0 56,2 60.3 6l.4 62.3
96.0 52.8 5649 583 59.3
120.0 5046 54.2 55.6 £67

INTEGRATED

AVERAGE FROM

SURFACFE 59.4 62.3 63.2 63.9

T0 10 fT.

STA- 8

INS,COLO.

PO= 0.54

22.8 44,9
57«1 49.5
57.9 52.4
5746 54.0
56.8 54.6

56.3 49.5

36.6
42,2
46.4
49.3
51.2

43.1

OIFFUSIVITIES

0.040

68.9
66.3
63.6
60.9
5844

64.9




§T- 9 !

EARTH TEMPERATURL STATION FT. COLLINS,COLO.

fYPE QF SOIL LOAM

TYPE CF EARTH SURFACE SPARSE VEGETATION

DATA PROCESSED 8Y

DATA SOURCE CLIMATOLOGICAL DATA
"

PERIQOC OF OBSERVATINN ' 19¢0-1961 A

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR ;
DEPTH BELOW
SURFACE(INY J F M A M J J A S 0 N D !

3.0 2748 3le4 3845 51e7 61.8 71,1 78.8 77.7 66.1 53.7 38.1 31.9
6.0 284 3148 3841 53.2 61e7 707 7847 779 66.9 5449 40.3 33,0
! 12.0 2848 31l.4 36.0 49.6 58,1 6604 75.0 7447 65.0 53.9 40.6 33,8
| 24.0 3241 3340 3645 4840 595.9 634 7lel TleB 65.4 5601 44.4 37,2
3é.0 3447 3445 3646 4641 53.7 60.3 68.2 69.9 6545 57.5 47.3 40.0
72.0 4243 4042 4042 4%9.2 4942 5446 6046 6441 63.9 59.3 52.9 46.7

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELCW STANDARD
SURFACELIN) AVERAGE(A) AMPLITUDE(S8) PHASE ANGLE(P) DEVIATION
3.0 52.5 25.2 C.58 3.6
6.0 53.1 24.7 C.60 3.0
12.0 512 22.8 C.66 2.6
24.0 51.3 19.9 0.77 2.1
36.0 51.3 17.8 C.89 1.9
72.0 51.6 12.1 1.21 0.9

CALCULATEL EARTH TEMPERATURES AT OBSERVED CEPTHS(+)

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

3.0 24e8 2746 35.9 4845 61.2 Tlel 75.2 12.5 63.5 51.2 38.3 28.8
6.0 2546 2840 35.7 47.8 60.2 70.1 T4.4 72.1 63.7 51.9 3%.3 29.8
12.0 2Tel 2847 35.5 46.6 58.3 68.1 72.8 Tl.4 64.1 53.2 41.2 31.8
24.0 3062 3047 35.3 44.6 55.0 644 69.7 69.7 64.3 55.3 44.5 35.5

36.0 33,41 3241 35.6 43,1 52.3 6lel 667 6T7.9 64.2 56.7 47.2 38.8
72.0 4046 3TaT 379 4led 4Tal 5347 59.2 6243 62.0 58.5 52.6 46.2

(#) BASIC PARAMETERS USED FOR THE CALCULATION

A =50.0,B80226.0,PC=0.54 ,N=.025




EARTH TEMPERATURE STATIUN FTo COLL

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.025, A= S0.0 ,B0= 26.0 AND

MONTH OF YEAR
DEPTH BELOW
SURFACE{ IN) J F M A M J J A S

24.0 3062 3043 3943 4446 55.0 6444 69.7 69.8 64.3
48.0 35.8 33.9 36.1 42.2 50.2 58B.3 64,0 66.]) 63.7

12.0 4065 3746 37.9 41leé4 47.1 53.8 59.3 62.4 62.0
9.0 4443 41.0 40.0 41e7 45.5 50.6 55.5 59.0 59.9
120.0 4742 43,9 42¢3 4246 44.9 4846 52.6 56.0 57.7
INTEGRATED
AVERAGE FROM
SURFACE 373 3547 37.6 4340 50,1 S57.4 62.5 64,3 62.2
TU 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.016 0.020 0.025 0.030
24.0 67.7 69.4 69.8 70.1
43.0 61.3 65.2 66.1 €6.8
12.0 5647 6l.1 62.4 €3.3
96.0 53.0 57«5 59.0 €0.1
120.0 50,7 54.6 56.0 57.2

INTEGRATED

AVERAGE FROM

SURFACE 60,2 63.4 64.3 65.1

T0 10 FT.

STA- 9

INS,COLO.

PD= 0.54

55¢2 44.4
57.7 49.4
58.95 5246
58.3 54,3
57«4 55.0

56,9 49.5

35.4
41.6
46,1
49,3
51.3

42.5

DIFFUSIVITIES

0.040

70.5
67.7
64.7
61l.8
59.1

66.1




sT-10

EARTH TEMPERATUKRE STATION GAINESVILLE, FLA.
TYPE CF SOIL SAND

TYPE CF EARTH SURFACE sn<

DATA PROCESSED BY-

DATL SOURCE CLIMATOLOGICAL DATA
PERIQD OF OBSERVATINN - 19¢0-1961

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S o N 0

€064 62.9 69.5 T6.2 86.2 Bb.1 88.1 B6.6 83,7 77.7 70.9 61,1

1.0
4.0 599 614 6T.7 T4e3 B80.5 8345 86.0 85.1 82.2 76.6 69.8 59,9
8.0 59.5 6043 63.8 T2.8 79.3 8B2.9 85.7 B85.0 82.4 76.6 69,8 60,0

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGF (A, AMPLITUDE(B) PHASE ANGLEI(P) DEVIATION
1.0 75.9 14.0 Ce52 2.9
4.0 74.0 13.2 C.59 2e&
8.0 73.2 13-.7 0.67 28




STA-10
EARTH TEMPERATURE STATION GAINESVILLE,FLA.

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FO.. DIFFUSIVITY=0.025, A= T4.0 ,80= 10.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M Jd J A S 0 N D

2440 6645 6643 6840 T1e5 7545 79.2 8l.4 Ble7 79.8 7645 72.3 68.7 1
48,0 68e7 67,8 68.5 T0.7 7347 7649 79.2 8042 79,4 77.3 74.2 71,1
72.0 7066 6943 693 T0e5 726 752 774 7847 78.7 7745 15.3 72.8
96.0 72.0 70.6 7042 707 7241 74.0 75.9 77.3 77.8 77.3 75.9 74.0
120.0 T3al T1eR T1el Tlel T1e9 7343 74.8 T642 T6.9 T6.9 76.0 T4.7
INTEGRATED
AVERAGE FRUM
SURFACE €9.3 68.5 6941 T1.0 73.7 7626 T8B.6 79.5 78.8 76.9 T4.1 71,4
TO 10 FT.

i VA

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.02% 0.030 0.040
24.0 8C.8 8l.5 Bl.7 81.8 82.0
48.0 78.5 79.8 80.2 80.5 80.8
12.0 7645 78,2 T8.7 15.1 79.6
96.0 75.0 76.8 T77.3 17.8 18.5
120.0 74.2 75.6 T6.2 16.7 1T.4
INTEGRATED
AVERAGE FROM
SURFACE 77.9 79.1 79.5 19.8 80.2

TO 10 FT.




sT-11

EARTH TEMPERATURE STATION ATHENS,GA.

TYPE CF SOIL SANDY LOAM

TYPE CF EARIH SURFACF THIN GRASS

DATA PROCESSED 8¥

DATA SQURCE CLIMATOLOGICAL DATA
PERICC OF OBSERVATINN ’ 19¢0-1962

OBSERVED PUNIHLY AVERAGE EARYH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW

SURFACEL(IN) J F M A M J J A S 0 N 0

2.0 4448 517 52.4 60.0 76.0 80.9 83.7 82.4% 78.4 70.5 58.7 45.8
4.0 4401 513 51.8 60,0 75,2 79.9 83.2 B81.6 77.8 69.5 S8.1 4¢,3
8.0 4602 952.8 S4.1 6142 T5.5 B0.6 83.6 BI.S 8040 72.4 60.3 49.4

RESLLTS OF LFAST SQUARES ANALYSIS
DEPTH BELOW

STANDARD

SURFACE(IN} AVERAGF{A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
2.0 695.4 20.1 (.66 3.0
4.0 64.9 19.7 0. 66 2.9
8.0 £6.6 19.1 c.70 2.8

3
&
o
a
S




STA-11
EARTH TEMPERATURE STAT]IUN ATHENS . GA.

CALCUY ATEC FARTH TEMPERATURES AT SELECTED CEPTHMS
FOR DIFFUSIVITY=0.025, A= 67.0 ,B80= 18.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELCwW
SURFACE(IN) J F M A M J J A S ¢ N D

26.0 53.5 53-1 56.3 62-‘0 69.7 76.‘ 80-~ 8009 77.5 71.‘ 0‘0.0 5705
48.0 5765 5959 ST.1 61.0 66.4 T2.2 T6.4 78,1 76.8 T72.9 67.3 61.7
12.0 €0.8 58.5 58.5 60.7 64,5 69.1 73.0 75.4 75.5 73.3 69.3 64.8
96.0 63.4 61.0 60.1 61.0 63.5 67.0 70.4 73.0 73.9 72.9 70.3 66.9
120.0 €5.4 63,0 61.7 61.8 63.2 65.7 68.5 71.0 72,3 72.2 70.7 b48.2
INTEGRATED
AVERAGE FROM
SURFACE 9845 57el 5842 61le? 66.5 T1la6 75.3 Toe9 5.7 12.3 67.2 62.3
T0O 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVIVIES
AND SELECTEN DEPTHS

DEPTH BELOwW CIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.0¢5 C.030 0.040
24.0 79.3 80.6 90.9 8l.1 8l.4
8.0 7%.0 7.5 18.1 18.6 79.3
12.0 71.4 T4.5 75.4 16.1 TT.1
96.0 68.9 72.0 73.0 73.8 75.0
120.0 67.3 69.9 71.0 71.8 13.1

INTEGRATED

AVERAGE FROM

SURFACE 14.0 16,2 16.9 1.4 78,2

fo 10 FT.




$T-12 !

EARTH TEMPERATURE STATIOY TIFYON,GA |
TYPE CF SOIL LOAMY SAND ;
TYPE CF EARIT# SURFACE GRASS
DATA PRUCESSED AY JEN-HU-CHANG
DATA SOURCF REFERENCE(S)

19¢<8
PERICC OF OPLSERVATINN 1954-1955

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACc(IN) J F M A M J J A S o N N

3.0 47.5 51.% 65.0 74.8 85.5 90.2 89.5 89.8 83.0 69.8 56.2 49.5
6.0 54.9 57,2 664.,B T4.6 78.5 B83.5 85.2 86.0 80.0 74.2 62.2 54.5

RESLLYS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN} AVERAG=I(A) AMPL ITUDE(B) PHASE ANGLE(P) DEVIATION

3.0 Tl.1 22.5 Ce. 40 2.4
6.0 Tl.4 0.0 0.50 2.1




STA-12
EARTH TEVPERATURF STATIUN TIFTON, A

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.025, A= T71.0 ,80= 16.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW .
SURFACE(IN) J F M A M J J A S 0 N D

2440 59.0 58.7 61le% 67.0 73.4 79.3 82.9 83.3 8043 74.9 68.3 62.6
48.0 625 61lel 62.2 65.7 T0e5 75.6 79.3 809 T9.7 762 71.2 6643
12.0 6565 63¢5 63,4 65.4 6848 T2.9 T6+4 785 7845 7646 73.0 69.1
96.0 €7.8 656 64¢9 657 6729 710 T4el 763 T7.1 T6.3 T4.0 70.9
120.0 £9e5 67.5 6643 6624 6706 67.9 T2.3 T4.5 75.7 75.6 74.3 72.1
INTEGRATED
AVERAGE FROM
SURFACE 6345 6242 63.1 663 T0.6 75.1 78.4 T79.8 78.8 75.7 71.2 66.8
T 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 0.030 0.040
24.0 8l.9 83.1 83.3 83.5 83.8
48.GC 78.1 80.3 80.9 Bl.3 8l.9
72.0 74.9 77.7 78.5 79.1 80.0
96.0 12.7 75. 4 76.3 7.1 7801
120.0 71.3 73.6 T4.5 15.3 T6.4

INTEGRATED

AVERAGE FRQOM

SURFACE 7.2 79.2 79.8 £0.3 81.0 i

TO LO FT.

i
F ]
%
3




$T-12

EARTH TEMPERATURE STATION TIFTON,GA

TYPE CF SOIL LOAMY SAND

TYPE CF FARTH SURFACE GRASS

DATA PROCESSED AY JE A-HU-CHANG

DATA SOURCE REFERENCELS)
1958

PERICC NOF OBSERVATINN : 1954-1955

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES
MONTH OF YEAR
DEPTH BELOW
SURFACE({ IN) J F ] A M J J A S 0 N D

3.0 4745 51e5 65.0 74.8 85.5 90,2 89.5 89.8 83.0 69.8 56.2 49.5
6.0 9449 572 6448 Theb 78.5 B83.5 85.2 B6.0 B0.0 74,2 62.2 5405

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGZ(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
3.0 71.1 22.5 C.40 2.4
6.0 T1l.4 16.0 0.50 2.1

S —




$T-13

EARTH TEMPL TATUKRE STATION MOSCOW, 1 DAHO
TYPE CQF S014 UN KN RN

TYPE CF EARTH SUPFACE UNKNOWN
DATA PRUCESSED By EsP.FITTION
OATA SOURCE REFERENCE(4)
PERINC OF NBSERVATION 1868-1901

(JBSERVED MCONTHLY AVERAGE EARTH TEMPLRATURES

MONTH UF YEAR
DEPTH BELOW
SURFACE{ IN) J F M A M J J A S ug N 0

3.0 3048 2848 34.4 41.2 5142 58,0 64.1 6745 54.6 47.8 40.8 33.8
6.0 3168 3062 34,6 4247 48,6 56,0 63.6 65.4 56.8 50.5 41.6 34.6
9.0 328 2140 35,0 45,9 48,9 54.8 62.9 64,9 57.5 51.8 42.8 36.4
2.0 3Be2 3248 35.4 44.7 48.4 54.8 62.2 64.3 H8.1 52.2 43.6 3T.4
24,0 3548 3445 36,2 445 47,5 52.9 53.2 €2.5 958.2 53.2 45.8 39,2
36.0 378 36,2 37.0 40.5 46.2 5C.1 55.9 60,0 57.8 53.8 48.0 41.6
48.0 39,8 38.0 38.0 40.5 45.4 48.8 53.7 58.1 S57.1 53.8 48.8 43.4
60.0 4048 39,5 38.8 40.6 44.6 47.5 51.8 56.3 56.5 54.0 49.6 44.6
72,0 42,8 40,8 39,6 41e5 44,6 47,1 50.6 54,7 55.5 54.0 51.6 46,2

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELCHW STANDARD
SURFACE(IN) AVERAGRI(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
3.0 46.2 17.6 €.73 2.2
6.0 46.5 16.6 C.80 1.6
9.0 47,1 15.6 C.82 1.9
12.0 47.R 14.3 .88 2.1
24 .9 47.5 13.1 .96 l.4
3€.0 47.1 1.4 1.16 0.9
48.0 47.2 9.9 1.26 0.4
60.0 47.1 8.8 .38 0.8
1240 47.% T.7 1.52 0.7

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTMS(e)

MONTH OF YFAR
CEPTH BELUW
SURFACEI(IN) J F M A M J J A S 0 N 0

it ittt ik di

0 30e1 3043 34,7 42.7 51.5 59.5 63.8 63.7 59.0 51.2 42.0 34.4
0 30.8 0.7 4.7 42,3 50.8 58,6 63.1 63.3 59,0 51.6 42.7 35.3
0 315 3lel 34.8 41,9 50.2 57.8 62.4 62.9 59.0 52,0 43,4 36.1
0 32.2 3l.6 34.R8 41,6 49.5 ST.1 61.7 62.5 58.9 52.3 44,1 36.8
24.0 34.8 33.3 35.3 460.5 47.4 54.3 59,1 60.7 58.5 53.4 46.3 39,6
36.0 37.2 35.1 36.0 40,0 45.7 51.9 56.7 58.9 57.8 53.9 48.0 42.0
48.0 39.3 3648 37.0 39.8 44.5 50.0 54.5 57.1 57.0 54.1 49.3 44.0
60.0 41.2 38.5 38,0 39,9 43.6 48.4 52.6 55.5 56.0 54.1 50,2 45.6
12.0 4248 4C.N 39.1 40,2 43.1 47.1 51.0 53.9 54.9 53.8 50.8 &o0.8 3

{®) BASIC PARAMETERS USED FOR THE CALCULATION

A 247.0,00=18,0,PC20.73 ,0=.019




EARTH TEMPEURTURE STATLON MOSCOw, [

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0,025, A= 47.0 ,B0= 15.0 AND

MONYH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S

24.0 3402 3249 3541 4047 47.8 54.9 59.7 61.1 58.6
48.0 38e3 3640 36.5 39.8 45.0 50.9 55.5 58.0 57.4
72.0 4105 38.9 38.3 39.9 23.4 48.0 52.2 55.1 55.7
96,0 44.2 41,5 4042 40,6 42.8 46,1 49.6 52.5 53.9
120.0 4640 43.5 42.0 41.6 42.7 45.1 47.8 50.4 52.1
INTEGRATED
AVERAGE FROM
SURFACE 3943 37,2 37.6 40.6 45.2 50.4 54.6 56.8 56.3
TO 10 FT,

CALCULATED AUGUST €ARTH TEMPFRATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES

SURFACE( IN) 0.010 V.020 0,025 0.03¢
26.0 $9%.3 6.8 6l.1 €l.4
48.0 94.06 57.3 58.0 58.5
72.0 50.9 54.1 55.1 5.8
96.0 48.4 51.5 52.5 53.3
120.0 47.0 49.4 50.4 €1.3

INTEGRATED

AVERAGE FRCHM

SURFACE %3.7 56. 1 56,8 57.3

TO 10 FT.

$Ta-13

OAHO

PO= 0.73

53.1 45.8
54.1 48.7
5.0 5Go 4
53.4 51.1
52.4 51.2

53.3 48,5

33.0
43.1
“5.9
47.8
4R.9

43.5

OIFFUSIVITIES

0.040

61.8
59.3
56.9
54.6
52.6

58.2




C.
De4
3.9
7.9
19,7
39.4
120.0

348.0

0.
0.4
3.9

L
LR I 4

19.7
319.4
120.0
348.0C

C.
C.4
3.9
T.9
19.7
39.4
120.0
348.0

DEPTH BELOW
SURFACEL IN)

DEPTH BELOW
SURFACE(LIN) J

31.7
3l.8
J2.9
35.8
40.0
50. 3

J

28.3
28.4
29.3
30.3
33,2
31.7
49.3
51.7

PERIOD OF OBSERVATION

32.5
32.1
32.5
34.5
37.9
47,7

49.2
53.3
52.8
;)210
52.‘
$2.5
52.3
5l.6

F

29.4
29.4
29.9
30.5
’2.1
35.3
~6.l
518

EARTH TEMPERATURE STATHON
TYPE CF SOIL
TYPE CF EARTH SURFACF
DATA PROCFSSED BY

OATA SQURCE

37.6
36.5
36.4
37.0
38.6
45.8

AVERAGE (A)

35.8
35.8
35.8
35.7
3A0
’7.0
46,2
51.6

A

50.1
48.3
47. P‘
45.7
43.9
45.3

MCNTH GF YEAR

M J

60.7 72.0
59.7 71.3
58.1 69.2
9.0 64.8
51.6 59.%
47.0 50.1

PESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW
SURFACE(IN)

AMPLITUDE(B)

CALCULATFC FARTH TEMPERATURES ATY

A

46.7
46.6
46.0
45.6
44.0
62.5
44.0
51.3

MONTH OF YEAR

78.0
17.1
75.2
70.9
65.9
53.9

PHASE ANGLE(P)

ARGONNE, ILL INOIS

SAMDY CLAY
PASTURE GRASS
JoE+CARSON
REFERENCE(10)
1963

URSERVED MONTHLY AVERAGE EARTH TEMPERATURES

19£3-1955

76.0 67,2

75.2
T4.1
T1.6
68.1
57.3

66.6
66.4
66. 7
66.0
59.2

24.7
23.7
23.4
22.2
19.1
15.3

1.0

0.9

M J

58.4 68,5
58.3 68.)
$7T.3 67.2
56.3 56,1
53.6 62.8
50.1 59.2
45.7 48.8
50.9 50.6

J

713.6
73.5
12.5
T1.5
68.6
64.1
52.5
50.3

712.7
72.6
12.1
7.6
69.8
66.%
55.8
50.2

€C.60
C.65
0.66
.72
0.86
1.07
l1.85
4.08

OBSERVED DEPTHS(e)

65.17
65,8
65.8
65.9
65.7
$4.8
5T.8
50.4

56.5
956.4%
57.3
59.1
60.6
5%.2

4]

5.1
3%.2
5%.8
56. %
5T7.9
59.4
$8.0
50.7

42.6
42.5
%4.2
47.9
52.2
57.3

STANDARD
DEV1ATION

N

43.0
#3.1
44.1
&5.2
€T7.9
5t.5
56.2
Sl.1

Q) o e N =
e o 8 o o o+ 0o @
WO HD- ON

33.7
33.6
35.0
38.9
44.5
S54.1

33.4
33.5
36.6
35.8
3%.1
43.7
53.1
Sl.4

A .SIIO'UO.Z)OO'PC'nQ’O 00.0026

() BASIC PARAMETERS USED FOR THE CALCULATION




STA-14
CARTH TEMPERATURE STATION ARGONNE, ILLINOIS

CALCULATED FARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.025, A= 51,0 ,80= 23.0 AND PO= 0.70

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

24.0 34,4 33,0 36.2 43.5 5246 61.6 67.4 69.0 65,6 9R.4 48,9 40.3
48.0 1946 3649 37.7 4222 4Re9 5643 62.2 65.1 64.1 59.7 52.8 45.6
72.0 43,9 40,5 39.9 42.2 46.7 52.6 57.9 6le4 62.1 59.8 55.0 49.3
96.0 4Te2 43.8 42.2 43.0 45.8 50.2 54.6 58.2 59.8 59.0 56.0 51.8
120.0 49,6 46.4 44.5 44,2 45.7 4847 52.2 55.5 57.6 57.8 56.2 53.2
INTEGRATED
AVERAGE FROM
SURFACE 40,9 38.4 37.2 43,2 49.1 55.7 60.9 63.6 62.7 58.8 52.6 46.2
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVITIES
ANO SELECTED DEPTHS

at A

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) c.C10 C.320 CeUed 0.030 0.040
24.0 66.7 68.5 69.0 €9.3 69.8
48,0 60.9 64,2 65.1 65.8 6he7
72.0 56.2 60.2 6l.4 €2.3 63.7
96.0 53.0 56.9 58.2 59.3 60.9
<0.0 5l.1 54.3 55.5 £6.6 98.3

INTEGRATED

AVERAGE FROM

SURFACE 59.7 62.6 63.6 64.3 65.3

T0 10 FT,




SI-1%
EARTH TEMPERATUME STATION

TYPE CF SOIL
TYPE CF EARTH SURFACE
DATA PROCFSSED HY

LEMONT L ILLINOLS
UNKNOWN

GRASS

JE N-HU-CHANG

DATA SOURCE REFERENCE(S)
1958
PERICO OF OBSERVATION 1952-195¢4

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACE( IN) J F M A M J J A S 0 N 0
Cot 3102 328 37e8 4B49 5949 T304 762 T5.]1 66.5 574 42.4 33.8
3.9 31e3 3244 3648 4745 58.7 72.9 75.8 T4.7 65.9 57.5 43.3 34,0
Te9 3244 3248 3648 4644 STl 704 T4.2 T3.4 66.) 58.2 45.0 35.6
19.7 3522 3448 3742 4448 54,0 656 T0.6 T1.0 6643 59.6 48.6 39.4
39.4 39,3 3748 38,7 434 50.6 5948 65.7 6746 65.8 60.6 52.0 44.4
120.0 5042 4T.4 45.8 45,2 4646 49.T7 53.5 5648 58.7 958.6 56.0 53.6
348.0 5262 5262 5241 51e8 5143 5140 50e]1 50.2 50.5 508 51.4 51.9
RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD
SURFACE(IN) AVERAGE (A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

Qe 53.1 23.4 C.66 leé

3.9 52.7 23.2 0«69 1.5

7.9 S52e ZileY Coe74 1.3

19.7 S2.4 19.0 C-08 0.9

39.4 52.2 15.3 1.08 0.6

120.0 51.9 6.8 1.84 O.4

348.0 51l.3 l.0 4a14 0.1

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS (e}
MONTH OF YEAR
DEPTH BELOW

SURFACE(IN) Jd F M A M J J A S 1] N 0
0.4 29¢2 30.9 37.7 4B.8 604 70s) T4-7 73.2 65.9 55.0 43,1 33.8
3.9 30e1 31,3 3746 8.2 59.5 69.]1 73.8 T2.8 66.0 55.6 64.0 34.8
7.9 31,0 31.7 37.5 47.5 58.5 67.9 T2.9 72.3 66.1 56.3 45.0 35.9
19.7 336 33,2 3T7.5 46.0 55.8 664.9 T0.2 T0.8 66.1 57.8 27.7 39.0
319.4 377 36.0 38.2 44.3 52.3 60.4 66.]1 68.1 65.6 %9.5 51.3 43.4
120.0 4903 46.] 64,4 44.T7 46.9 50,6 54.5 5T7.9 59.6 59,2 56.9 53.3
348.0 5340 52.9 52.6 52.2 51.7 51.3 S5l.]l 5lal S51eb 51.8 52.4 52.7

(#) BASIC PARAMETERS USED FOR THE CALCULATION

A =52.0,60s23.0,P0=0.65 ,D=.030




FARI+ TEmPERAT RF 31

CALCULATEC FARTH TEMPERATURES AT SELECTED (EPTHS
DIFFUSIVITY=0,025,

FOR

DEPTH BELOW
SURFACE(IN)

24.0
48.0
12.0
96 .0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
T0 10 FT,.

J

35.1
40.3
44.6
47.9
50.3

4l.6

34.1
37.8
4le.4
44.6
47.2

39.4

AT I Y

37.6
38.9
41.0
43.2
45.4

40.4

A= 52,0

MONTH OF YEAR

A

45.2
43.6
43.5
44,1
4%.2

44.6

v

S54.3
50.4
48.2
47.1
46.9

50.6

63.1
57.8
54.C
51.5
50.0

57.2

68.7
63.5
59.2
55.9
53.5

62.2

STA-1S

LEMONT, [LL.NOLS

69.9
56.2
62.6
59.4
56.8

64.6

S

66.1
64.9
63.0
60.8
58.7

63.5

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW
SURFACE( IN)

24.0
48.0
12.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
TO 10 FT,

C.020

67.7
62.0
57.4
S.".z

52.2

60.8

0.020

69.5
65.3
6l.4
58.1
55.5

63.7

DIFFUSIVITIES

0.025

69.9
66,2
62.6
59.4
556.8

64.6

0.030

0.2
66.8
63.5
€0.4
57.8

65.3

+80= 23,0 AND POs

0

58.7
60.3
60.5
59.9
58.8

59.4

0.66

49.2
53,2
55.6
56.7
57.0

53,1

40.7
46.0
49.9
52.4
56,0

467

DIFFUSIVITIES

0.040

70,7
67.17
64,8
62.0
59.5

66.3




ST-16

CARTH TEMPERATURF STATICN URBAMA, TLLINOTS
TYPF CF SOt SILT 10AM

fYPer CF EARTH SUXFALE BLLEG<AS: SO

DATA PROCESSED BY

DATA SOURCE CLIMATOLOGICAL DATA
PERIOC OF OBSERVATINN 19¢0-1962

ORSERVED MUNTHLY AVERAGE EARTH TECMPERATURES

MONTH OF YEAR
DEPTH BELOW

SURFACELIN) J £ M A M J J A S o N 0
4.0 33.7 33.4 3844 5047 6320 731 T7.C 768 Tlat 62.7 46.8 35.6
8.0 3404 34,2 38.3 49,8 61le6 T1eb 75.9 734 7TLe5 60.0 48.1 37.4

RESLLTS OF L=AST SQUARES ANALYSIS

OEPTH BELOW STANDARD
SURFACE(IN) AVERAGFE(A) AMPL ITUDE(B) PHASE ANGLE(P) DEVIATION
4.0 55.4 23.5

2.9
8.0 54.8 22.0 2.5




CARTH TEmPy

CALCULATEC EARTH TEMPERATURES AT SELECYED CEPTHS
DiFFUSIVITY=0,025,

FOR

DEPTH BELOW
SURFACE(IN?

24.0
48.0
12.0
9.0
120.0
INTEGRATED
AVERAGE FRON
SURFACE
TO 10 FT.

WAl

J

14.4
39.9
44,6
48,2
50.9

4l.4

5T

313.7
37.5
41.3
44.7
47.6

39.2

AT N

3r.8
9.1
4l.1
43.4
45.7

40.6

A=

53.

KONTH OF YEAR

A

46.3
bb4.4
44.0
44.6
45.7

45.4

M

$6.3
51.9
49.3
48.0
47.6

52.0

65.7
59.9
55.7
51.1

59.1

"TA-1e

SO 2AMA, LLLINDLY

C ,80= 25.0 AND PO=

TL.5
65.9
61.2
57.6
54.9

64.4

72.3
68.5
64.7
61.2
58.4

66.8

47.8
66.8
64.8
62.6
60.3

65.2

CALCULATEC AUGUST EARTH TEMPLRATURE AT SELECTED
AND SELECTED NEPTHS

DEPYH BELOW
SURFACE(IN]

24.0
48.0
12.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
TO 10 F1.

0.010

70.1
66.1
59.1
55.5
53.4

62.6

0.020

71.9
6T.5
63.4
59.8
57.0

65.8

OIFFUSIVITIES

0.025

72.3
68.5
66.7
51.2
58.4

66.8

0.030

12.7
€9.1
65.6
E2.4
9.6

67.5

59.5
61.%
61.9
6l.4
60.3

60.5

0.62

49.2
53.7
56.4
57.8
58.2

53.6

40.2
46.0
50.2
53.1
54.8

46.7

DIFFUSIVITIES

0.040

73.1
70.1
67.0
6e.1
6l.4

6L.6




ST-17

EARTH TEMPERATURE STATION URBANA, [LLINOIS
TYPE CF SGIL UNKNOWN

TYPE CF CARTH SURFACE UNKNOWN

DATA PROCESSED BY E«M.FITTON

DATA SOURCE REFERENCE(4)
PERI(OD OF URSERVATION ' 1913-1915

IBSERVED MCONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) J F M A M J J A 5 0 N 0

1.0 29e2 29.5 39.8 51.0 63.0 72.6 78.2 762 69.0 55.5 42.2 32.1
3.0 310 30e6 39.5 50.6 6242 72.2 T7.8 75.8 69.0 56.8 43.0 33.4
6.0 326 31,5 39.3 49.2 60,5 70.5 75.8 74.8 68.8 57.0 44,0 35.0
9.0 3302 33.0 39.2 4847 59.8 69¢4 T4eT T4.0 68.6 5Te4 45.2 36.0
12.0 34,0 33.2 3846 4844 58.8 68.0 73.8 73.2 68,2 58,0 46.2 37.4
24.0 376 37.1 3846 4741 55.4 62.6 6B.5 69.7 66.7 59.5 50.6 42.7
36.0 410 38.8 401 46,0 53.6 60.2 66.0 67.8 66.1 60.7 53.0 45.8
RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE({IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
l.C 53.3 25.0 C.62 0.9
30 53.6 24,2 C.64 0.9
6.0 53.4 22.7 0.69 0.9
940 53.4 21.7 C.71 0.7
12.0 53.2 20.9 0.75 0.6
24.0 53.1 16.8 C.91 0.5
3540 53.3 4.6 1.04 0.3




EARTH TEMPERATURE STATION

CALCULATEC EARTH TEIMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.025,

DEPTH BELOW
SURFACELIN) J

24.0 37.0

48.0 42.3

72.0 4647

9.0 50.2

120.0 528
INTEGRATED
AVERAGE FROM
SURFACE 43,7
TO 10 FY.

36.5
40.1
43.7
47.0
49.7

41.8

40.7
4l1.7
43.6

5.8
48.0

43.2

MONTH OF YEAR

A

48,9
47.0
46.6
47.0
48.0

47.9

58.5
54.2
S5le7
50.3
50.0

54.".

J

67.5
61.9
57.8
55.0
53.3

61.

72.9
67.5
63.1
59.6
57.0

66.1

URBANA, ILLINOLS

A

73.5
69.9
66.3
63.0
60.3

68.2

S

69.0
68.1
656.3
64.2
62.1

66.6

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTER GEPTHS

DEPTH BELOW
SURFACELIN)

2‘0.0
48.0
72.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
YO 10 FT.

0.010

Tlete
65.7
60.9

.l‘.s
554

64.3

0.020

73.1
69.0
65.1
6l.6
58.9

67.3

DIFFUSIVITIES

0.025

73.5
659.9
66.3
63.0
60.3

68.2

U.030

713.8
0.5
67.2
€4.1
6l.4

€8.9

A= 55.0 ,80= 24.0 AND PO=

0

60.9
62.9
63.4
62.9
61.9

62.0

DIFF

STA-17

0.60

N 2

51.0 42.4
55.4 48.0
58.1 52.1
59.4 $54.9
57.9 5646

55.3 48.8

USIVITIES

0.040

T4.2
Tl.%
6845
65.7
63.1

70.0




ST-18

EARTH TEMPERATURE STATION WEST LAFAYETTE, IND
TYPE CF SOIL SILY L0AM

TYPE CF EARTH SURFACE FESQUE GRASS

DATA PROCESSED BY

DATA SOURCE CLIMATOLOGICAL DATA
PERIOC OF QBSERVATIINN ‘ 19¢2

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN] J F M A M J J A S o N D

2.9 4B.0 6647 T4e5 Té4e3 75.6 6642 5740 42.1 30.8
4.0 293 29.5 33.7 #6.95 644 72.5 T5.7 66.5 57.7 43.0 32.1

8.0 474 63.5 Tleb T72.5 737 66.7 58.8 45.6 35.9

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW S ANDARD

SURFACE(INY AVERAGE{A) AMPLITUDE(B) PHASE ANGLF(P) DEVIATION
2.0 52.7 25.2 .60 246
4.0 52.5 25.4 0.67 1.9
8.0 53.4 21.9 .69 2.0




STA-18
EARTH TEMPERATURE 3STAY,ON WEST LAFAYETTE, IND

CALCULATEC FARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.025, A= 52.0 ,B0O= 26.C AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0] N 0

24 .G 22,5 32.0 36.5 45.4 9548 6505 T1le3 72.0 67.2 58,4 47.6 38,3
48.0 3842 359 37.6 43.4 512 5965 6505 68el 6642 60. 52.4 44.4
72.0 43,0 33,8 39,7 42.9 48.4 55.1 60.7 64.2 64.3 61.1 55.3 48.8
96.0 4648 4343 42.0 434 47.0 52.0 57.0 60,7 62.0 60.6 56.8 51.9
120.0 4946 4642 44.4 4405 46.5 50.2 5442 5747 597 5945 57.3 53.8
INTEGRATED
AVERAGE FROM
SURFACE 39.8 37,7 39.2 4443 51¢3 58,7 64,0 6603 64.6 59.6 52.4 45.2
TO 10 FT7.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES

SURFACE{IN) 0.010 0.020 0.025 €.030 0.040 ;
24.0 69.8 71.6 72.0 2.4 72.8 %
48.0 63.6 67.2 68.1 €8.8 69.8 !
72.6 5844 62.9 6442 €5.2 66.6 §
96.0 547 59, 2 60.7 61.8 63.6 g
120.0 52.5 5642 57.7 58.5 60.8 i

INTEGRATED i

AVERAGE FROM !

SURFACE 62.0 65.3 6643 €7.1 68,2

TO 10 FT.




EARTH TEMPERATURE STATION

TYPE OF

SOIL

TYPE CF EARTH SURFALE
DATA PROCESSED BY

GaTa SOU

RCE

PERIOC UF OBSERVATINN

sT-19

BURLINGTON, ICwA
SILTY LOAM
CULTIVETED

CLIMATOLOGICAL DATA

19€0-1962

UBSERVED NMONTHLY AVERAGE EARTH TEMPERATURES
MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A ) 0 N D
l.0 3041 3049 36e9 56e1 T1.5 8le3 B84.7 B6e4 The? 61.0 43.7 31.6
242 298 30.8 36.9 5648 72,1 82,5 86,2 B748 76.i 63.1 44.4 31.7
4.0 3066 31e2 3648 55,6 70.9 81e2 B5.1 86.5 75,7 62.2 445 32.2
8.0 31e8 3leh 35.7 Sled 6662 75.7 Blol 837 747 62.1 46.1 34.4
20.9 3542 33,0 35.3 44.9 58.6 63.2 T3.1 75.0 71e7 61o7 48,9 39.6
40.0 415 38.5 3844 431 54.0 62.7 67a7 Tle9 T1e0 64.2 54.6 45.9
2.0 4702 4342 4202 42.8 474 5349 60.5 65.2 6Tl 64.4 59.7 52.6
RESLLTS OF LEAST SQUARES ANALYSIS
VEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
l.0 57.5 29.9 C.61 3.4
2.2 58.3 30.7 0.62 3.3
4.0 57.9 29.8 C.63 3.2
8.0 56.3 27.2 C.72 2.8
20.0 53.9 21.8 0.88 2.1
40.0 £4.6 17.3 l.11 1.9
72.0 54.0 12.5 1.54 1.0
CALCULATED EARTH TEMPERATURES AT OBSERVED DEPTHS(e)
MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D
1.0 2404 27.5 37.2 519 66.8 78.6 83.6 80.6 70.2 55.8 40.5 29.2
2.2 2448 27.7 3741 51.6 66.3 78.0 83.1 80.% 70.3 56.2 41.1 29.8
4.0 2545 28,0 36.9 51.0 65.5 77.2 82.5 80.1 70.5 56.7 41.8 30.6
8.0 2609 28,7 3647 49.9 63.8 75.4 81.0 79.4 70.7 57.9 43.5 32.4
20,0 31,0 30,9 36.5 47.2 59.4% T0e4 76.8 Tl 71.0 60.6 48.0 3T7.4
40.0 37e% 35.1 37.6 44.6 53.9 63.6 70.4 72.9 70.2 63.2 53.6 44.)
12.0 45.6 41.7 41,1 43.9 49,2 56.1 62.2 66.2 66.9 64,1 58.4 51.8

{*) BASIC PARAMETERS USEU FOR THE CALCULATION

A =54, O.ROnB0.0. PO0=0.517 0030019




EARTH TEMPERATURE STATION

STA-19

BUKLINGTOM, [OWA

CALCULATED FARTH TEMPERATURES AT SELECTED LEPTHS

FOR OIFFUSIVITY=0,025,

OEPTH BELOW
SURFACE(IN) J

2440 31.3

48.0 37.8

12.0 43.4

6.0 47.7

12C.0 51.0
INTEGRATED
AVERAGE FROM
SURFACE 19.6
T0 10 FT,

3t.l
35.4
39.R
43.8
©7.2

37.5

3646
37.7
39.9
“2.5
45,2

19.5

A= 54.0

MONTH OF YEAR

A

4l.1
465
43.8
46.2
45.4

M

59.1
53.6
50.2
“8.5
47.9

53.7

70.1
63.1
58.0
S54.4
52.2

62.1

J A

76.5 717.0
69.9 72.6
64.4 68.2
60,0 64.2
56.8 60.8

68.2 70.5

S

71.0
70.1
68.0
65.%
82.9

68.3

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW
SURFACEI(IN)

24.0
48.0
12.0
96.0
120.0
INVEGRATED
AVERAGE FROM
SURFACE
T0 10 FT1.

¢
c.010

74.5
67.5
6l.6
57.3
5.7

65.17

0.020

76.5
T1.5
66.7
62.5
5%.1

69.4

DIFFUSIVITIES

0.025

17.0
T2.0
68.2
64.2
60.8

105

0.030

17.3
73.4
9.3
65.5
2.2

Tl.4

180= 30,0 AND PO= 0.57

1] N (V]

60.7 48.3 37.7
63.4 53.9 4.7
64.2 S5T.4 49.9
63.7 59.3 53.5
62.6 59.9 55.8

62.3 53.9 45.8

DIFFUSIVITIES

0.040

77.8
164.5
7o.q
67.5
&4.3

72.7




$T-20

EARTH TENPERATURE STATION MANHATTAN,KANSAS
TYPE CF SOIL SILTY CLAY LOAM
TYPE CF CARTH SURFACE BLUE GRASS

DATA PROCESSED BY

OATA SOURCE CLIMATOLOGICAL DATA
PERIOC OF OBSERVATINN 19€0-1962

OBSFRVED MONTHLY AVERAGE EARTH TEMPERATURES

MCHNTH OF YFAR
DEPTH BELOMW |
SURFACEL IN) J F M A M 4 J A S 0 "N 0

4.0 29.5 32.7 37.6 Sl.4 66.2 76,5 80.0 79.4 T1.0 60.3 45.3 36.0
‘80 4246 4041 “loh ©009 5540 b4ev 6823 T0.6 07,6 (4.7 57,0 47,5
72.0 47,3 44.7 44,0 46,6 52.3 60,1 63.5 66.5 67.1 64.4 59.4 53.5
9.0 51e? 464?7 45.2 46,3 50,3 5647 59.7 63.1 643 63.0 59.6 54.7

RESLLTS fIF LEAST SQUARES ANALYSIS

DEPTH RELOW : STANDARD
SURFACE(IN) AVERAGE({A) AMPLITUDE(8) FHASE ANGLE(P) DEVIATION
4.0 55.56 25.5 C.66 2.1
48,0 56.0 15.5 1.10 1.3
K..."‘O 55-8 llos lo" lll
% .0 5%.2 9.4 le 56 1.2

CALCULATEL FARTH TEMOFRATURES AT OBSERVED UEPTHS(e)

MUNTH OF YEAR
DEPTK BELOW
SURFACELIN) J F M A " J J A S o N D

4.0 3102 32.0 39.46 515 64.2 T4.7 T9.7 78.1 T0.0 58.3 45.72 35,2
48.0 4le? 39,3 40.8 46,1 53,6 61.8 67.9 70.6 69.1 03.8 56,0 48.]

12.0 46.3 ©3.46 43.0 65,8 50.9 S57.3 62.9 66.5 65.9 64.1 58.8 52.5
%.0 50,6 47.0 45.6 46.5 49,7 54,4 59.2 62.9 64.5 63.4 60.1 55.5

fe) BASIC PARAMETERS USEU FOR THE CALCULATION

A =55.0,E0=26.0,PC20.61 ,U=.022




EARTH TEMPERATURE ST

CALCULATEC FARTH TEMPERATURE> AT SELECTED CEPTHS
FOR DIFFUSIVIYY=0,025,

OEPTH BELOW
SURFACE(IN) J F

24,0 35.6 34.9
48.C0 “ie3 3345
72.0 4601 42.8
96.0 49.9 46.3
120.0 5267 49.3
INTEGRATED
AVERAGE FROM
SURFACE 42.8 40.7
T0 10 FT.

ATION

39.3
4C.5
42.6
45.0
47.4

42.2

M

58.6
24.0
51.3
49.9
49.5

5¢.1

MONTH OF YEAR

J J

68.4 T4.3
62.3 68.5
57.9 63.6
54.9 59.9

53.1 57.1

61.5 67.0

ST. -20

MANHATTAN,KANSA -

75.1
71.1
67.2
63.6
60.7

6%.3

S

70.3
69.2
67.3
65.0
62.6

67.7

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED

AND SELECTED DEPTHS

UEPTH BELCW
SURFACE{IN)

24.0
48.0
72.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
TO 10 FT,

0.010

72.8
6645
6let
57.7
55.4

65.0

DIFFUSIVITIES
0.020 0,025
T4. 6 75.1
70.1 Tl.1
65.8 67.2
62.1 63,6
59.2 60.7
68.3 69.3

0.030

15.4
71.8
€8.2
64.8
€l.9

70.1

A= 55.0 4B0= 26.0 AND PQ=

0

61.6
63.7
64.2
63.6
62.5

62.7

0.61

N

50.8
55.6
98.4
59.9
60.4

55.5

0

4l.5
47.5
52.9
55.0
56.8

48.4

DIFFUSIVITIES

0.040

75.9
72.8
69.6
66.5
63.8

71.2




EARTH TEMPERATURE STATION LEXINGTON,KY.
TYPE CF SOIL UNKNOWN

TYPE CF EARTH SURFACE UNKNOWN

DATA PROCESSED 8Y - E.M.FITTON
DATA SOURCE REFERENCE(4)
PERICD OF OBSERVATION - 19e¢2-1927

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE! IN) J F M A M J J A S 0

N

sT-21

D

3.0 3247 35.5 42.1 5640 628 T4.6 771 767 73,1 58.3 45.6 39,2
4.0 2004 1743 35.4 49.8 55:6 69.4 75.4 T4.6 63.3 55.8 37.6 24.4
18,0 3603 3549 41e5 52.0 5725 67.8 T06 T3e& 70.2 59.8 49.1 4l.1
3640 41,8 ¢N.C 4.0 50.3 5642 65.8 T0.5 73.4 68.8 62.0 53.9 47.5

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW

SURFACE(IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P)
3.0 56.3 22.6 C.64
4.0 48.4 28.0 C. b4
18.0 S54.7 18.8 Ce79

36.0 56.3 15.8 0.94

STA

NDARD

DEVIATION

O ven W) e

[ XV RN




EARTH TEMPERATURE STATION

CALCULATEC FARTH TEMPERATURES AY SELECTED DEPTYHS
FOR DIFFUSIVITY=0,025,

DEPTH BELOW
SURFACE(IN) J

24.0 37.7

48.0 42.8

72.0 47.1

96.0 50.4

1269 5267
INTEGRATED
AVERAGE FRQOM
SURFACE 44,2
70 10 FV.

37.3
40.8
44.2
47.3
69.7

42.3

4l1.3
4243
44,1
46,2

.0 2

“3.1

MONTH OF YEAR

A

49.2
47.3
46.9
47.4

en 3

48,2

58.4
56.3
51.8
50.5
50.2

54 o4

67.0 72.1
6l.6 67.0
5T.7 62.7
55.0 5%.4
53,4 5¢.9

60.9 65.7

STA-21

LEXINGTON,KY,

A

72.7
65,2
65.8
62,7
60,1

61.7

S

68.4
67.5
65.8
63.8
6leo

606.1

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW
SURFACE(IN)

24.0
48.0
72.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFALCE
TO 10 FT,

0.010

70.7
65.<
60.7
57"4
55. 4

63.9

DIFFUSIVITIES
0.020 0.025
712.3 T12.7
68. 4 69.2
64. 6 65.8
6l.4 62.7
58.8 40.1
66.8 67.7

C.03C

73.0
£9.9
66.7
€3.7
6l.1

¢8.3

As 55.0 ,60= 23.0 AND POs=

0.60

0 N

60,7
62.5
63,0
62.5

6l.7

51.1
55.4
57.%
59.3
57.7

55.3

42.9
48.3
52.2
54.9
56.6

49.0

DIFFUSIVITIES

0.040

73.4
10.7
67.9
65.2
(2.8

69.3

.

L b




STA-21

EARTH TEMPERATURE STATION LEXINGTON,KY.

CALCULATEC FARTH TEMPERATURES AT SELECYED DEPTHS
FOR DIFFUSIVITY=0.025, A= 55.0 ,80= 23.0 AND

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) J F M A M J J & S

24.0 377 373 41.3 49.2 53.4 67.0 T2.1 72.7 68.4
43.0 42.8 40.8 42.3 47,3 54,3 H1.6 67.0 69.2 67.5
T72.0 4T.] 44.2 44o] 4609 518 57.7 62.7 65.8 65.8
260 50.4 4T7.3 46,2 #7.4 50.5 55.0 59.4 62.7 63.8
120.0 529 49.9 48.3 48,3 50.2 53.4 56.9 60.1 61.8
INTEGRATED
AVERAGE FRQM

SURFACE 4442 42.3 43.T 4B.2 S54.4 60.9 65.7 67.7 66.1
Y0 10 FT.
CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHMS
DEPTH BELOW CIFFUSIVITIES
SURFACE( IN) 0.010 0.020 0.025 C.030
24.0 70.7 T2.3 2.7 73.0
48.0 65.2 68.4 69.2 £9.9
72.0 60.7 64,6 65.8 06,7
96.0 5.4 6l.4 62.17 €3.7
120.0 55.4 58.8 60.1 él.l
INTEGRATED
AVERAGE FROM
SURFACE 63.9 66,8 67.7 ¢t8.3
TO 10 FT.

PO= 0.60

0 N )

60.7 51.1 42.9
62.5 55.4 48.3
63,0 57.9 52.2
62.6 59.3 54.9
61.6 59.7 56.6

6le7 55.3 49.0

DIFFUSIVITIES

0.040

73.4
70.7
67.9
65.2
62.8

69.3




ST-22

EARTH TEMPERATURE STATION LEXINGTON,KY
TYPE CF SOIL SILTY CLaAY
T{PEt CF EARTH SURFACE SOL

DATA PROCESSED HY. €.8.PENRUD
DATA SCQURCE RE FERENCE(B,.9!
PERIQC OF OBSERVATION 1952-19%6

OHSERVED MONTHLY AVERAGF EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F “ A M J J A S o N D

0. 37.2 40.1 46.7 56.2 68.7 79.]1 B82.6 78.8 73.1 60.4 45,6 38.5
24.0 421 42.0C 46,0 5145 6048 69,4 T4.5 14,6 72.2 64,7 53.9 45.5
48.0 48.8 46.4 47.0 49.6 54.9 61.5 67.0 69,5 69.4 66.5 60.6 54.0
12.0 50,8 48.0 47.5 49.4 53.6 59.4 64.5 67.6 68.3 66.4 61.8 56,0
9.0 54,0 50.8 48.9 49.8 52.4 56.7 61.2 64.4 66.3 65,7 63.0 58.8
120.0 5604 535 51.0 507 52.0 55.1 58.8 61.9 641 64.5 63.2 60.3

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(1I%) AVERAGF{A) AMPLITUDE(S) PHASE ANGLEI(P) DEVIATION
c. 59.0 23.2 C.56 3.0
24.0 58.2 17.2 0.85 2.0
48.0 58.0 12.0 126 1.6
T2.0 57.8 10.6 1.42 1.3
%6.0 57,17 8.7 1.68 1.3
120.0 57.6 7.0 1.94 1.2

CALCULATEC CARTH TEMPERATURES AT OBSERVED CEPTHS(e)

MONTH OF YEAR
DEPTH BELOW
SURFACE I IN) J F - A " J J A s 4 N 1))

0. 36.5 37.0 42.7 52.8 64.0 TA.0O 79.4 T79.: T2.9 63.0 Sl.4 41.9
26 .0 42.2 60.6 43.)3 50.1 958.8 67.6 73.6 T5.4 T2.5 65.7 56.7 48.3
«8.0 47.2 44,3 44,9 49,1 55.5 62.8 68,6 T1.7 T1.0 66.8 60.2 S53.1
’2-0 51.2 47.2 471.0 49,2 53.6 59.3 b4.6 QO.? oR.9 bb.H 620‘ $56.6
6.0 54.3 S50.9 49.3 50.0 52.8 ST7.1 61.% 65.1 66.7 56.0 63.1 %A.9

120.0 566 53.% 51 5 Slal 52.7 55.7 59.2 62.6 64.6 64.8 63.2 60.)

{e) BASIC PARAMETERS LSED FOR IMEF CALCULATION

‘ .5ﬂ-0130’22o009c.0. '5 00'0027




FARTH TEMPERATURE STATION LEXINGTON.KY

CALCULATEDR EARTH TEMPERATURES AT SELECTED LEPTHS
FOR DiFFUSIVITY=0,025y, A= 58.0 4B0= 22.0 AND PO=

MONTH DF YEAR
DEPTH BELOW
SURFACE{IN] J F M A M J J & S 0

2440 4245 40.7 63,3 5040 58.7 6744 73.3 75.3 72.4 65.8
48.0 $TaB 4446 45.1 4G.0 55.3 62.5 68.2 T1l.4 70.8 66.9
72.0 5106 48,2 4743 49.2 5344 59.0 64.1 57,8 68.7 6647
96,0 54e7 513 49.7 50e1 5247 5648 6l.1 64,6 66.4 65.8
120.0 5740 53.7 5149 51a% 5247 55.5 5849 62.1 64.2 6446
INTEGRATED
AVERAGE FRCM
SURFACE 4847 46,1 4645 50.0 55.6 62.0 67.1 69.9 69.4 65.9
TO 10 FT,.

$TA-22

C.75

N

56.9
60.4
62.3
63.1
63.2

60.1

D

48.5
£3.4
56.9
59.2
60.4

53.9

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES

AND SELECTED DEPTHS

DEPTH BELOK DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 04025 2.030
24,0 73.0 T4. 75.3 15.6
68,0 6Te2 70.5 Tle4 12.1
72.0 62.7 66.6 67.8 68.7
96.0 9.6 63.4 64.6 €5.7
120.0 57.9 60.9 62.1 63.1

INTEGRATED

AVERAGE FRQOM

SURFACE 66.1 69.0 69.9 70.%

TO 10 FT.

0.040

76.1
73.0
10.0
hTe2
64.8

Tl.6




EARTH TEMPERATURE STATION

TYPE CF

SoIt

TYPE GF EARTH SURFACE
DATA PROCESSED BY

DATA SOU

RCE

PERIOC OF OBSERVATION

VEPTH BE
SURFACEL

[C VA
O OO ~NWwWMN
» & & ¢ o »
— > uw®OO

DEPTH BE
SURFACE!

—H~ND®OO

(S VN
OO D~ N

DEPTH BE
SURFACE!

N W e
OO G NN
OO

SANDY LOAM

BA

RE

US WEATHER R.C.

1960-1962

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

LOW
IN) J

N NS W
VTV WNOoO OO

PR VS REVE B VS RS I VY]

RESULTS OF LEAST SQUARES ANALYSIS

LOwW
IN)

37.0
36.5
37.0
36.5
3645
39.0

55.8
95.9
56.4
56.5
55.3
55.6

40.0
40.0
41.G
40,0
39.0
40.0

AVERAGE(A])

MONTH OF YEAR

A

53.0
53.0
53.0
$52.0
48.0
47.0

67.0
66.5
67.5
66.5
60.5
58.0

74.5
T4e 5
73.0
72.5
67.0
64.0

AMPLITUDE(8B)

24,1
24.1
23.2
22.2
18.3
15.5

CALCULATELC CARTH TEMPERATURES AT

LOW
IN) J

3l.4
3l.8
32.6
35.1
38.9
4245

34.1
34,3
3446
35.9
36.1
40.6

42

-2

42.1
41.93
4l1.6
4l.8
42.5

MONTH OF YEAR

A

54.4
54,1
53.4
51le6
49.5
48.2

M J

66.7
66.2
6542
62.5
58.7
55.8

T6:5
16.0
T4.9
71.9
67.4
63.7

77.0
77.0
76.5
75.5
70.0
67.0

PHASE ANGLE(P)

78.0
78.0
T77.5
T76.5
72.0
69.5

73.5
T4.5
T4e5
T4.5
71.0
69.5

C.560
.62
C.6%
0.70
€.50
1.05

0

58.0
58.7
$9.7
60.7
62.7
64.3

OBSERVED CEPTHS(#)

80.5
80.1
79.3
76.8
72.9
69.3

(=) BASIC PARAMEYERS USED FOR THE CALCULATION

A 256.0,80=25.0,P0=0.56

1030038

78.0
17.8
TT1.4
16.2
73.9
Tl.4

69.3
69.4
69.6
70.0
69.9
69.3

57.4
5T¢7
58.4
60.2
62.4
63.7

43.3
44.3
46.0
48.0
52.7
56.0

ST-23
UPPER MARLBORO,MD.

D

34.0
34.7
36.0
38.3
43.5
48.0

STANDARD
DEVIATION

2:9
2.9

—_NNN
s & & &
VDO rm

44.7
45.2
46.2
49.0
52.9
55.8

35.4
35.9
37.0
40.0
44.5
48.2




STA-23

EARTH TEMPERATURE STATION UPPER MARLBORO,MD.

CALCULATED FARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.025y A= 56.0 o80= 25.0 AND PO= 0.56

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S 0 N 0

24.0 3740 369 41.6 50.4 6045 69¢6 T4e8 75.1 70.0 61e4 51.0 4243
48.0 42,5 405 42.5 4842 55.8 63,7 6943 71.5 69.3 63.7 55.8 48,1
12.90 4T.0 44.1 44.3 47.5 53.0 59.4 6447 6748 677 6404 58.7 5245
9.0 507 4Te4 4604 4749 515 5604 6lal 64e5 65.6 6441 6043 55.5
120.0 53,4 5043 48,6 48.8 51.0 5445 58.4 61.7 6304 63.1 60.9 57.4
INTEGRATED S
AVERAGE FROM
SURFACE 43,9 42.2 44.0 49.1 55.9 62¢9 679 69.8 6748 62.8 55.8 49.0
TG 10 FT,

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 0.030 0.040
24.0 73.0 T4.7 15.1 15.4 75.8
48.0 67.3 70.6 Tle5 12.1 73.0
72.0 62.4 66,6 67.8 68.8 70.1
96.0 58.8 63,1 64.5 €5.6 67.3
120.0 56.6 60.13 61.7 62.9 647

INVEGRATED

AVERAGE FROM

SURFACE 65.7 68.8 69.8 705 71.%5
TO 10 FT.




$T-24

EARTH TEMPERATURE STATION EAST LANSINGyMICH.

TYPE CF SOIL CLAY

TYPE CF EARTH SURFACE UNKNOWN

DATA PROCESSED BY’ E« M. FITTON

DATA SOURCE REFERENCE(4) .
{

PERIOD OF ORSERVATION " 1911-1915 !

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
VEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

2.0 31e9 3241 33.9 S4e4 5T.4 678 T4us 69.4 6607 52.9 4l.1 32.3
4.0 3240 32.% 33.7 5240 5543 6545 716 68.2 65.5 52.3 41.2 33.0
6.0 31e3 3049 33.2 45.7 5742 6848 73.8 70.5 64.8 5248 41.2 34.%4
12.0 32,7 31,7 32.9 42.3 55.5 670 72.2 702 6446 535 42.2 3646
18.0 3442 32.8 33,3 41e5 54.2 65.3 709 69.8 64.9 55.1 43.9 38.2
RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELOwW STANDARD

SURFACE({IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
2.0 51.3 21.8 C.62 3.0
4.0 50.3 20.5 C.66 2.6
6.0 50.5 22.1 0.69 1.8
12.0 50.2 20.9 C.77 2.1
18.0 50.4 19.8 .83 2.0




CALCULATELC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.025y A= 50.0 ,B0= 24,0 AND PO=

MONTH OF YEAR
DEPTH BELOW
SURFACE[IN) J F M A M J J A S 0

24.0 320 315 357 43.9 53.5 62.5 67.9 68.5 64.0 55.9
48.0 37e3 3541 3667 42.0 49.2 5649 6245 64.9 63.1 57.9
72.0 41e7 3847 3846 41.6 46,7 52.8 58.1 61.3 61.3 58.4

96.0 4542 42.0 40,8 42.0 45.3 50,0 54.6 58.0 59.2 57.9
120.0 478 44.7 43.0 43.0 45.0 48.3 52.0 55.3 57.1 36.9
INTEGRATED
AVERAGE FROM
SURFACE 387 3648 3842 4249 4943 5601 61.1 63.2 61.6 570
T0O 10 FT.

STA-24
EARTH TEMPERATURE STATION EAST LANSING,MILH,.

0.60

N

46.0
50.4
53.1
S4.4
54.9

50.3

0

37.%
43.0
47.1
49.9
51.6

43.8

CALCULATED AUGUST EA4LRTH TEMPERATURE AT SELECTED DIFFUSIVITIES

AND SELECTEND DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 .030
24.0 66.4 68.1 68.5 68.8
48.0 60.7 64.0 649 €5.5
12.0 55.9 60.1 6l.3 62.2
96.0 52.5 56.6 58.0 9.1
120.0 50.4 53.9 55.3 56.4

INTEGRATED

AVERAGE FROM

SURFACE 59.3 62.3 63.2 €3.9

TO 10 FT.

0.040

69.2
66.4
63.5
60.7
S8.1

65.0




$T-25

EARTH TEMPERATURE STATION EAST LANSING,MICH.
TYPE CF SOIL GRAVEL

TYPE OF EARTH SURFACE UNKNOWN

DAYA PROCESSED BY E.F.FITTON

DATA SOURCE REFERENCE(4)
PERIOCD OF OBSERVATINN 19i1-1915

OBSERVED MOVTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) J F M A M J J A S H N )

2.0 31e8 32,7 3443 5602 58¢5 6948 T15.7 7045 677 53,7 4lob 32.3
4.0 3243 32,7 34.4 54.8 57.8 67.9 T4.2 694 66.7 53,6 41,7 33.0
6.0 3162 3140 33.6 47.6 58.4 7044 T5.0 71e5 65.4 51,2 40.9 34,2
12.0 321 3le4 33.5 44.0 56.6 687 736 71.0 64.7 53,6 41.6 35.8
18.0 33,7 528 33,7 4248 55.0 66.8 T2.2 T0.4 64.9 54.6 43.1 37.6

RESLLTS OF LEAST SQUARES ANALYSIS

OEPTH BELOW STANDARD

SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
2.0 52.1 22.6 C.61 3.2
4.0 5l.6 21.5 D.62 2.¢
6.0 51.1 22.7 (.66 l.d
12.0 50.7 21.7 0.72 2.0
18.0 50.7 20.3 C.79 2.0




STA-25

EARTH TEMPERATURE STATION EAST LANSINGMICH.

CALCULATED EARTH TEMPERATUKES AT SELECTED DEPTHS
FOR OIFFUSIVITY=0,025, A= 51.0 ,80= 24.( AND PO= 0.59

MONTH OF YEAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S o N D

24.0 3269 32.6 6.8 £5.1 54.7 63.6 68.9 69.5 64.9 56.7 46.8 38,2
48.0 38,2 36,1 37.8 43,1 50.4 58.0 63.6 65.9 64.0 58.7 S51.2 43.9
712.0 42.6 39.7 39.6 42.6 4£7.8 53.9 59.1 62.3 62.3 5%.3 53.9 48.0
9.0 46401 4249 4148 43,1 46.4 51.1 55.7 59.0 60.2 58.9 55.4 50.8
120.0 48.7 45.6 44,0 44.1 46.0 49.4 53.1 56.3 58.1 57.9 55.8 52.6
INTEGRATED
AVERAGE FRCM
SURFACE 39,6 37.8 39.3 44.0 50.5 57.3 62.2 64.2 62.6 57.9 S51.2 #4,6
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVITIES
AND SELECTEN DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE( IN) 0.0'0 0.020 0.025 ¢.030 0.040
24.0 67.4 69.1 69.5 69.8 10.2
48.0 6l.7 65.0 65.9 €6.5 67.4
12.0 57.0 6l.1 62.3 63.2 64.5
96.0 53.6 57.7 59.0 €0.1 6l.7
120.0 51.5 55.0 56.3 57.4 $9.2

INTEGRATED

AVERAGE FROM

SURFACE 60.3 63.3 64.2 4.9 65.9

10 10 FT.




$T-26

EARTH TEMPERATURE STATION EAST LANSING,MICH.
TYPE OF SiliL LOAM

TYPE CF FARTH SURFACE UNKNOWN

DATA PROCLSSED BY EeV.FITTON

DATA SOURCE REFERENCE(4)
PERICO NF DBSERVATION ' 1914~1916

UBSERVED MUNTHL Y AVERAGE FARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE!IN) J F M A M J J A S 0 N D

2.0 31le3 31.5 33.3 55.2 57.0 67.9 T73.4 6B.5 67.2 53.4 41.0 32,5
4.0 32.0 3241 33.9 53.0 564 66.4 72.8 68,1 65.9 52.8 4l.4 33.6
6.0 JO0eB 30,4 32.6 45.4 57,0 68B.9 T4.0 T0.6 64.8 52.6 40.7 34,2
12.0 32.7 31.7 32.5 42.0 55.5 676 73.0 T049 65.1 54,1 42.4 36,7
18.0 34.5 33,1 33.1 40.8 53.1 64.3 T0.2 69.3 64.5 55.1i 44.0 38,6

RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGF(A) AMPLITUDE(B)  PHASE ANGLE(P) DEVIATION
2.0 51.1 21.8 €.63 3.3
4.0 50.8 20.8 0.64 2.7
6.0 50.3 22.4 .69 1.8
12.0 50.5 21.4 0.78 2.3
18.9 50.2 19.4 C.86 2.1




EARTH TEMPERATURE STATION

STA-26

EAST LANSING,MICH.

CALCULATEC FARTH TEMPERATURES AT SELECTED DEPTHS
DIFFUSIVITY=0.025¢ As 50.0 o80= 24.( AND PO= 0,60

FOR

DEPTH BELOW
SURFACE(IN)

24,0
48.0
12.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
T0 10 FT.

J

32.0
37.3
‘1.1
45.2
47.8

38.7

31.5
35.1
38.7
42.0
44,7

36,8

MONT
M A

35.7 43.9
36.7 42,0
38.6 4l1.6
40.8 62.0
43.0 43.0

38.2 42.9

H OF YEAR
M J

53.5 62.5
49.2 56.9
46.7 52.8
45.3 50.0
45.0 48.3

49.3 S56.1

J

A S

67.9 68.5 64.0
62.5 64,9 63.1
58.1 61.3 61.3
54.6 58.0 59.2
52.0 55.3 S7.1

61.1 63.2 6l.6

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTEN DEPTHS

DEPTH BELOW
SURFACEI IN)

24.0
48.0
72.0
96.0
120.0
INTEGRATED
AVERAGE FROM
SURFACE
T0 10 fT.

DIFFU
0.010

6b. 4
60.7
55.9
52.5
50.4

59.3

SIVITIES
0.029

68.1
64.0
60.1
56,6
53.9

62.1

0.025

68.5
64.9
61.3
58.0
55.3

63.2

0.030

68.8
€5.5
62.2
59.1
56.4

63.9

0 N 0

55.9 46.0 37.4
579 50.4 43.0
58.4 53.1 47.1
57.9 54.4 49.9
56.9 S54.9 %1.6

57.0 50.3 43.8

DIFFUSIVITIES

0.040

69.2
56.4
63.5
40.7
58.1

65.0

b e




sT-27

EARTH TEMPERATURE STATION EAST LANSING,MICH.

TYPE CF SUIL PEAT

TYPE CF FARTH SURFACE UNKNOWN

DATA PROCESSED BY E.M.FTTTON

DATA SOURCE RE FERENCE (4)

PERIOC OF OPSERVATINN 1911-191% :

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONYH DF YEAR
DEPTH BELUW
SURFACEL IN) J F M A M J J A S o N D

2.0 3260 3147 3149 69,9 567 675 T4.2 69.6% o. .9 52.9 40,5 33.3
‘.o 31." 3107 3106 ‘6.6 5500 6‘06 7105 67.5 b‘.? 51.5 “’°a7 3‘.0
6.0 30.8 30,4 31l.4 41.1 56.8 68.5 73,9 71.0 65.1 52.9 -30.9 34.7
12.0 3246 316 31.9 38.6 56,7 66,9 T2.1 T1.3 65.6 54.8 42.8 36.6
18.0 39.2 33.7 33.6 37.8 53.2 64.5 70.8 70.3 65.6 56.4 45.2 39,2

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD

SURFACE(IN) AVERAGE(A) AMPEL ITUDELB) PHASE ANGLE(P) DEVIATION
2.0 50.7 21.9 C.68 2.7
4.0 49.4 20.5 o.71 2.2
6.0 49.9 22.6 C.74 2.5
12.C 50.1 21.5 D.83 2.6
18.0 0.5 19.7 €.90 2.6




EARTH TEMPERATURE STATION

EAST LANSING.MICH.

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS

FOR DIFFUSIVITY=(0,025,

DEPYH BELOW
SURFACE( (M J

264.0 32.0

48.0 37.3

12.0 41.7

9%.0 45.2

120.,0 47.8
INTEGRATED
AVERAGE FROM
SURTACE 38.7
T0 10 FY,

31.5
35.1
38.17
42.0
44.7

36.8

35.7
3.7
38.6
40.8
43.0

38.2

MONTH OF VEAR

J

J

43.9 53.5 62.5 67.9
42.0 49.2 56.9 62.5
4l.6 46.7 52.8 58.1
42.0 45.3 50.0 54.6
43.0 45.0 48.3 52.0

42.9 49,3 56.1 b61.1

As 50.0 (80= 24.( AND PO= 0.60

A S

68.5 64.0
64.9 63.1
61.3 61.3
58.0 59.2
55.3 57.1

63.2 6l.6

CALCULATEC AUGUSY EARTH TEMPERATURE AT SELECTED
ARD SELECTEN DEPTHS

DEPTH BELOW
SURFACEL IN!

24.0
48.0
72.0
96.0
120.0
INTEGRATED
AVERAGE FRON
SURFACE
10 10 FY,

0.010

66.4
60.7
55.9
$2.5
50.4

59.3

C!FFUSIVITIES
0.020

64,1
64.0
60.1
S56.6
53.9

62.3

0.025

68.5
64.9
&l.3
58.0
55.3

63.2

0.030

¢8.8
65.5
€2.2
59.1
6.4

63.9

STA-27

0 N 0

55.9 46.0 37.4
57.9 S0.4 43.0 :
58.4 53.1 47.1}
57.9 54.4 49.9
56.9 54.9 S51.6

57.0 50.3 43.8

DIFFUSIVITIES

0.040

\ 69.2
66.4
63.5
60.7
58.1

65.0




ST-28

EARTH TEMPERATURE STATION EAST LANSING,MICH,
TYPE CF SOIL SAND

TYPE CF EARTH SURFACE UN KNOWN

DATA PROCFSSED 8Y E.M.FITTON

DAT2 SOURCE REFERENCE(4)
PERIOD OF OBSERVATINN 1911-1915

ORSERVEN MONTHLY AVERAGE EARTH TEMPERATURES

MONTH DF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A 3 0 N D

2.0 30.6 32.2 34.3 56.2 58.7 70.0 76.2 T0.8 68.2 54.1 41.1 30.2
4.0 31.3 32,7 34.5 S54.4 58.]1 68.6 T75.0 70.0 67.4 54.0 41.5 31.8
6.0 3045 305 33.6 4T7.7 58.5 69.9 T4.5 Tle6 65.3 93.0 40.5 33.8
12.0 3202 31446 33.4 42.9 56,3 6TeB T2.8 TO.T7 64.5 53.6 41.9 36,0
18.0 3443 33.0 33.9 42.5 54,4 65.5 71.1 69.9 64.8 55.0 43.8 38,3

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD
SURFACELIN!  AVERAGE(A)  AMPLITUDE(B)  PHASE ANGLE(P) DEVIATION

2.0 52.0 23.3 C.60

3.2
4.0 S5l.7 22.2 0.62 2.8
6.0 50.9 22.8 (.66 1.6
12.0 5C. 4 21.4 0.74 2.0
18.0 50.6 19.7 c.82 1.9




STA-284
EARTH TEMPIRATURE STATIQN FAST LANSINGyMICH,

CALCULATEC FARFH TEMPERATURES AT SELECTED CEPTHS
FuR DIFFUSIVITY=0.,025%, A=z 50.0 4B0= 26.( AND PO= 0,69

MCNTH OF YEAR
DEPTH BELCW
SURFACET(IN) J F d A M J J A S G N D

2440 3240 3145 35,7 4349 53495 62.5 67+9 6Be5 6440 5959 46,0 37.4
‘0?.0 37.3 35.1 !6.7 ,0200 49.? 56.9 6205 bt.9 6311 b’og 50;4 ‘03.0 i
72.0 4147 38.7 38,6 41.6 46.7 52.8 58.1 613 6le3 5B.4 53.1 47.1 E
9%.0 4542 420 40.8 42.0 45.3 50.0 564.6 58.0 59.2 579 54.4 49.3 :
12C.0 47.8 44.7 43,0 43,0 45,0 43,3 52.0 55.3 57¢1 5649 54.9 51.6 i
[NTEGRATED g
AVERAGE FROM :
SURFACE 3847 3642 3842 42.7 49,3 5641 61l.] 63:2 6lah 7.0 50.3 43.3
TG 1C FT, '

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELUW CIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.025 0,030 0.040
24,0 LS4 68e1 6840 €808 69.2
48,0 607 64.90 64.9 65.5 66.4
72.0 55,9 60.1 6le3 €2.2 63,5
26.0 52.5 864 6 58,0 59,1 60.7
126G,0 5Ce 4 53.9 5543 LY. 58a1l

INTEGRATED

AVERACE FROM ,

T 10 FT.




EATH TEMPERATURE STATICN STPAUL,MINY,

1YPE.CF SOIL SILT LOAM

TYPE OF EARTH SURFACE $OC

DATA PROCLSSED RY

UATA SOURCE CLIMATOLOGICAL DATA
PERLIAC OF ORSERVATINN 19¢1-1962

¢

- OBSERVED MCONTHLY AVERAGE EARTH TEMPERATURES

MCGNTH OF YEAR
- DEPTH BELOW
SURFACE({ IN) J F M A M J J A S 0 N n

0.4 25969 2843 32.8 43.4 64.3 T4e0 7743 7644 6447 H443 38.0 31.8
l.v 2641 279 32.2 4148 6341 75.0 76,9 75.9 64.8 S4.5 38.3 32,1
31,9 2646 27¢8B 31aB 39,7 60e7 T2.6 T5:2 T4+6 6405 5445 38,8 32,17
1.9 2744 27T4R 31,4 34,2 56.6 68.0 T2.3 71.8 6344 5148 39.3 34,2
5.7 299 YC0,F 3lel 34.0 52.9 63,7 6B.2 69.5 633 54.4 &41.7 135.8
3leb 33,3 30,7 3240 33,4 48.3 58.9 65.7 6Be4 63.6 5642 43.6 39,7
47.2 37.8 35.5 34.1 34.5 4542 5543 6245 6448 63.1 571 48B.6 41.9
62.9 39.5 37.0 35.3 35.2 43.0 52.7 60e]1 62.9 62.4 57.4 50.3 43.8
125.9 45,8 43,2 40,9 40.]1 407 45.7 51eb 5546 5747 S6.6 5343 41.5

RESULTS OFf LEAST SQUARES ANALYSIS i

DEPTH BELOW STANDARD :
SURFACE{IN) AVERAGF(A) AMPLITUDE(B)  PHASE ANGLE(P) DEVIATION
0.4 51.0 26.5 C.64 2.9
1.9 50.9 26.6 : 0.65 3,1
1.9 50.1 25.6 _ C.70 3.1
7.9 48.5 23.6 0.78 3.6
31.5 47.9 19.1 1.02 2.7
47.2 48.5 16.0 1.15 1.9
6249 48.4 14.4 1.27 1.7
125.9 43.4 8.8 1.77 1.0

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTHS(+)

MONTH OF YEAR |
DEPTH BELOW i
SURFACELIN)  J F M A M J J A S 0 N © ;

2343 25.0 32.4 44.5 ST.l 67,6 72.6 Tl.l 63.1 51.3 38,3 28.2
2366 25.2 32.4 44.2 5647 6742 T2e3 709 63.1 51.6 38.7 28.7 ]
2641 25.9 32.3 43.8 58.1 66.6 T1.8 T70.6 63.2 51.9 39,3 29.3 i
2561 2640 32,3 43,2 55.0 65.4 T0e8 T0.1l 633 52.6 40.4 30.5 ;
3 27,0 27.0 32.2 42.0 53,1 63,1 68.8 69.0 63.4 53.8 42.4 32.7 f
3 30e7 29¢3 32.6 4003 49.8 5941 65.1 6647 63.1 55.6 45.7 346.8

47.2 34,0 31.7 33.5 3943 4742 55.7 61.8 6443 62.3 56.6 48.3 40.2
62.9 3T7.0 34,0 34.6 38.8 45.4 52.8 58.8 62.0 61.3 57.1 50.3 43.1
12%.9 45.5 42.0 40.2 40.3 42.5 46.2 50.3 53.9 55.9 55.7 53.4 49.7

R e W O

e & & C & »

Vi~ O W0 O »

(#) BASIC PARAMETEARS USED FNR THC CALCULATION i

A =48,0,R0=25.0+PC=0.65 ,0=.031




EARTF TEMPERATURE STATIUN

STA-29

ST.PAUL,MINN.

CALCULATELC FARTH TEMPERATURES AT SELECTED CEPTHS
25.0 AND PO=

FOR

DEPTF BELOW
SURFACE( IN)

24.0
48,0
12.0
96.0
120.0
INTEGRATED
AYERAGE FR(OM
SURFACE
TO 10 FT.

DIFFUSIVITY=0.025,

J

2946
35.2
39.8
43.4
4601

36.6

FoooM

28.h 32.5
32.6 33.9
36.4 136.0
39.9 38.4%
42.7 40.8

34,3 }5.’0

A=

48.

MONTH OF YEAR

A

0.7
39.0
38.18
39.5
40,7

40.0

M

50.7
46.4
43.9
4247
42.5

46.6

60.3
54.5
50.3
47.5
45,9

53,8

0 L80=

6643
0.6
559
52.3
4947

59.2

61.4
63.4
59.5
56.1
53.2

bla?

62.2
2.0
59.9
57.6
55.3

60.4

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW
SURFACE(IN)

24.0
48.0
72.0
96.10)
1260.C
INTEGRATED
AVERAGE FRUM
SURFACE
O 1C FT.

0.010

65.1
8.9
53.9
50.4
48,3

57.5

0.020

7.0
2.5
958.1
54e7
1.8

60,7

CIFFUSIVITIES

0.025

67.4
b3.4
58.5
Y6.1
53.2

6l.7

C.030

67.8
¢4.1
60.5
57.2
54.“

62.5

5.1
56.8
57.1
6.5
55.%

55.9

0.65

]

44.8
49,2
5l.8
53.0
53.4

4%.0

35.6
4La.b
45.6
4B.4
504¢

42.1

DIFFUSIVITIES

0.040

68.3
65.1
61.9
58.9
5642

63.6




$T-30

EARTH TEMPEFRATURE STATIUN STATE UNIVeMISS.
TYPE CF SDIL cLAY

TYPE CF EARTH SURFACF BARE

DATA PRUCESSED 8Y ’

DATA SQURCE CLIMATULOGICAL DATA
PERICEC OF QRSERVATINN 19¢0-1962

CASERVED VMOMTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J N A S U N D

2.0 49.4 55.0 54,2 65.1 83.0 85.2 89,5 87,7 82.5 12.3 4H.8
4.0 4401 5343 9646 6341 76,8 T79.7 85.7 858 R243 T72.7 57.1 417.4
8.0 4604 53¢2 5505 6241 TH9e3 T3e4 8.8 83.9 77,9 70.0 54.9 48,9
16.0 4604 5347 5342 61e8 Thed 801 84.3 84,2 8lu0 72.8 5l.4
RESULTS OF LEAST SQUARES ANALYSIS

DEPTH BELCwW STANDARD

SURFACE(IN} AVERAGF(A) AMPLITUDE!B) PHASE ANGLEC(P) DEVIATION
2.0 €9.5 21.0 C.60 3.1
4.0 67.5 20.5 O.06 4.0
8.0 66.3 18.8 Y. 3.1
1€.0 €7.2 18.7 O.74 243




STA-30

EARTH TEMPERATURE STATIUN STATE UNIV.MISS.

CALCULATEC FARTH TEMPERATURES AT SELECYED CEOTHS
FoRr DIFFUSTIVITY=0.025, A= 67.0 ,080= 21.( AND

YONTH OF YEAR
DEPTH HELUMW
SURFACE(IN) J F M A M J J A S

2440 5lel 50e¢9 54.7 62.0 70.4 78.2 82.7 83.1 79.0
48,0 5947 54.0 55.5 60.2 66.6 73.3 78.1 680.0 78.3
12.0 5946 57l 57T¢l 59¢9 $4¢3 6947 T4.2 76.9 76.8
36.0 €2.7 5249 58.9 6041 63.1 6742 Tlel 7441l 75.0
120.0 €540 6243 608 61.0 62.7 65.6 68.9 T1l.7 73.2
INTEGRATED
AVERAGE FRQOM
SURFACE 5740 5544 5608 61.0 66¢6 T2.6 T6.9 TR.6 T7.1
16 10 FT,

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED
AN[} SELECTED DEPTHS

CEPTF BELOW CIFFUSIVITIES

SURFACELIN) 0.010 0.020 0.0¢25 0.030
2440 81.3 82.8 83.1 tl.4
48.0 T6.4 79.3 80.0 80.6
12.0 T72.3 75.9 6.9 1.1
96.0 69.3 72.9 Thal 75.0
120.0 6T.4 0.5 Tl.1? 2.7

INTEGRATED

AVERAGE FRCM

SURFACF 75.1 77.8 1€.6 19.2
To 10 FT.

PO= 0.58

71.9 63,2
73.7 617.1
T4.2 695
13.9 70.7
3.0 71.2

72.9 67.1

5%.7
60.6
64.2
66.7
68.3

61.3

JIFFUSIVITIES

0.040

83.7
81.3
78.8
T6e4
14.2

80.1




$1-31

EARTH TEMPERATURE STATION FaLCETT, MO,
TYPZ CF SOIt - UNKNOWN

TYPL CF FARTH SURFACE sal

UATA PRUCFSSED HY JEN=-HU-CHANG
UATA SQURCE REFETENCE(S)
PIRIOL OFf ORSERVATINN 1951-1952

OBSERVED MCHTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
NEPTH BELOW
SURFACE(IN) J €& 4 A M J J A s 0 N b

1.0 33,0 33.92 38.7 47.8 66c1 7348 83.4 8Blal 7144 5644 43.8 34.4
3.0 23,2 3346 38.0 4643 63,0 Tlal 79.9 7843 7042 55.8 43.6 35.1
6.0 33.8 33,7 37,5 49¢2 62.1 6%e! T6eT T6o4 69.4 %65 44.1 36.4
12.0 3543 3542 37.5 43,8 6lel 6840 T3.6 Téeb 70,2 5648 46.2 38.6
24.0 372 3640 3845 44.3 58.0 6503 Tl.l T73.6 68,0 59.5 49.2 42.4

4%.0 43-2 l'l-" 41.7 ‘0‘0.8 53.5 60.7 65-4 67.7 6606 6206 55.6 ‘8.6
12.0 45.5 44.4 44,2 46,0 4R 9 5546 6143 64,0 64,7 62.5 ST.0 51.4

RESLLTS CF 1 EAST SQUARES ANALYS!S

DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF{A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
1.0 55.3 25.6 C.66 2.4
3.0 S54.1 26.1 0.69 2.2
6.0 53.9 22.7 C.713 2.1
12.0 53.9 21.0 0.78 2.2
24.0 $53.7 18.8 C.88 1.3
48.0 S4.4 13.7 lolé 0.7
12.0 53.9 10.8 1.37 0.7

CALCULATELC FARTH TEMPERATURES AT OBSERVED DEPTHS(#)

MONTH OF YCAR
DEPTH BELUOW
SURFACE(IN) J F M A M J J A S 0 N 0

1.0 3444 35,7 4145 51l 6le]l 69.5 T73.5 72.4 66.1 96.8 46.4 33.4
3.0 14,9 35.7 41.5 S0.7 60.9 68.9 73,0 72.1 66.2 S57.1 47.0 39.0
6.0 35.6 36,73 4lek 5042 597 6R.0 T2.3 7T1e7 6642 S7.7 47.8 39.9
12.0 37.1 37,1 €l.% 49,3 58.2 66.2 T0.8 70.9 66.3 5B.6 49.4 41.7
24.0 39.9 38.4Y 41.7 47.9 55.6 63.1 68.0 69.1 66.1 59.9 52.0 44.8

8.0 Gho8 42.5 43,1 46,7 52.1 S58.2 63.0 65.5 64.8 61.2 55.6 49.7
72.0 48,7 45.9 6€5.2 66.8 50.3 54.9 59.1 62.1 62.8 61.2 57.95 53.1

te) BASIC PARAMETERS USED FOR THE CALCULATION

A ‘5‘-00“032000' PC=0.65 QC'QOlg




STA-31
EAQTH TEVMPERATURE STATIUN FAUCETT,MO.

CALCULATEL FARTH TEMPERATURES AT SELECTED (EPTHS
FoR DIFFUSIVITY=0.025¢ As 54,0 80U= 20.0 AND PO=x 0,65

MONTH OF YEAR
LEPTH BELGA
SURFACE(IN) J F - A M J J A ) 0 N 0

24.0 39,2 3IR.D 4leb 4Bo2 5602 63,8 6B.6 69.6 66.2 59,7 Sl.4 44,1
43,0 43,7 Q1.7 42.7 4648 528 59,2 64,1 6603 65.2 6l.1 54.9 43.7
2.0 47e5 447 44otk 4646 50.7 59,9 60.4 63,2 63.5 61.3 57.0 52.0
1640 50e3 47.5 46,3 47,2 49,8 53.6 57.5 60.5 61.7 60.8 58,0 54.3
120.0 2.5 49.8 48,2 48,1 49,6 92,3 55.4 58.2 59.8 59.9 58.3 55.7
INTEGRATED
AVERAGE FROM
SULFACE 44,9 43,0 43.9 47.6 52.9 58.6 63,0 65.0 63.9 60.3 54.8 47.)
n 10 FT,

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEN DEPTHS

HEPTH BELOW CIFFUSIVITIES

SURHACELIN) ¢.010 v.020 0.0¢5 0.030 0.C40
24.0 67.1 69.2 69.6 €9.8 10.2
4R.0 62.8 6%.6 6643 66.9 67.17
2.0 58,7 62.2 63.¢ t4.0 65.2
96.0 55.9 59.3 60.5 tl.4 62.8
120.0 54.2 57.1 58.2 59.1 60.6

[..TEGRATEC
AVERAGE FROM
T 1Q FTY.




EARTH TEMPERATURE STATION KANSAS CITY, M0,
TyPe CF SOIL UNKNDWN

TYPF CF EARTH SURFACE UNKNOWN

UATA 2ROCESSED BY JEN=-HU=-CHANUL
- DATA SOURCE REFERENCE(5)

PERINC UF (PSERVATININ 1950-1952

OBSERVED NMONTHLY AVERAGE EARTH TEMPLRATURES

MCNTH (OF YEAR
DEPIH BELOW
SURFACELIN) A “

3
7
l
b
9

RESLLTS UF LEAST SCUARES ANALYSIS
GEPIH BELCwW STANDARD
SURFACELIN)  AVERAG™(R) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.9 57.3 22.3 (.58
1.9 55. 6 21.1 0.63
1.8 55.0 19.9 .72
9.7 93.7 16.H4 0.R0
17.4 53.8 15.8 .30




STa-32
EARTF TEMPERATURE STATION KANSAS LITY,MO,.

CALCULATEL TARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0,025, A= 54.0 48Uz 22.( AND PO= 0.56

MCNTH OF YEAR
DEPIH BELNw
SURFACELIN) J F M A M J J A S f! N 0

26 .0 2743 372 4123 49,1 57.9 66.0 70.6 70.R 606.% 58.8 49,6 41.9
48.0 4241 40,6 4241 4Tl 53.9 60,8 65.7 €76 65,7 60.8 53.8 47.1
12.0 460l 43,6 43,7 44,5 S143 57,0 61.T7 b4.4 64.3 514 5646 50.7
6.0 4903 46,5 45.6 6609 50.0 54.4 58.9 615 62.4 olel 57.8 53.6
120.0 Sle? 3.0 4T7.5 &7.7 43,6 52.7 56.1 59.C 60.5 6N0.3 58,3 55.2

INTFLURATED

AVERAGE Funm

T 10 FT,

CALCULATEC AUGUST EARTH TFMPERATURE AT SELECTED OIFFUSIVITIES
AND SELECTEN DEPTHS

VEPTH BELNW CIFFUSIVITIES

SURFACE( IN) €.010 0.020 0,025 0.0%0 0,049
26.0 69.0C 70. 4 T0.8 1.1 Tl.4
48,0 6.9 66.73 67.06 t8.2 63.0
72.0 5%.6 ol.] bh.b 65.2 66.%
94,0 %6.5 60,3 6le5 €25 63.9
120.0 54.5 5T.3 %9.0 ¢0.0 6l.6

INTFEGAATED

AVERAGF FROM™

SURFACE b2.9 5.3 6b. 1 t6.8 67,7

TGO 1C FT,




tARTH TEMPERATURE STATIUN

Type CF

SOIL

TyPt CF CARTH SU<FACE
DATA PROCFSSED HY
DATA SCURCE

PERICY

UcPTH BELOW

SURFACE(

-~ N

NSO
" 5 & 0
ocoOoCoOoC

LEPTH BE
SuR+alEL

1.0
1.0

6.4
12,0

VEPIH Bt
SUTFATEL

OCO0OCC

t
3
S
4
12

{e} va51ic

ING J

1049
17.3
31,3
27.0
41.0

AZILLTYS OF LEAST SJYUARES ANALYSIS

LCw
)

CALCULATEL

Lim

IN) J

!2. ‘
32,7
33.4
113
46.4

JF QCASERvaTIN

4l.l
37.4
N
ELT
3q.7

60.6
£l.1
£0. 8
57.9
57.5

6,7
34,7
15,2
7.1
1.5

45,1
’0’.0
44,9
43.1
44.3

AvEAGF(A)

2.4
&Z2.5
KZ2.%
42.2
LY |

PAQAMETEXS LS

A :ST7.0,P7229.0,20 20,

Y9

MONTH OF YEAR

A

7.6
57.5
57.1
51.8
“’.’

M

69.8
10.2
69.8
b3.l
Y% .9

9.9
13.2
18.7
710.8
6le7

AMPLITUDE (A}

24.0
24.0

23.
19,
13.

8
?
L

FARTH TEMPERATLRLYS AT

mi3I OF YFAR

A

96,7
56.5
53.9
51.)
4R. 4

7.3
56.4
5H6.9
6l.7
86,7

77.4
6.8
75,9
T1.2
Al.R

83.9
84.2
83.n
5.0
66.7

PHASE ANLLELP)

SIKFSTON,MO.
SANDY L0AM

6R

258

CLIMATOLOGICAL DATA

19¢0-1962

82.4
£3.3
82.7
T6.4
1G.0

UHSLCRVED MUOUTHLY AVERAGLF EARTH TEMPLRATURES

S

To.l
,6.7
16.0
73.3
10.4

C.b} ;
0.66
(.60
0.93
1.29

U

66.1
6b.0
66.1
696
67.4

UBSERVED LEPTHS ()

8l.7
8l.2
40.%
6.6
el.4

£ THE CALCULATIUN

eC=.0V4

T9.4
79.2
TR.9
T6.8
.4

7C.9
1.0
1.1
T1e%
59. 6

Yd. 9
53.3
53, H
2.5
5.5

oL e e b - £ R £ 09 Werrae PO

N 0
£3.6
50.6
50.8
53.6
61.2 95¢4.3
STANDARD
DEVIATION
3.2
3.1
3.0
2.3
1.2
N 34
46.1 3h.5
6.4 37.1
7.5 33.0
S1.8 &2.7
$9.0 52.1




CARTH TEMPERATURF STATICN

CALCULATEC FARTH TEMPERATURES AT SELECTED CEPINS
FOR DIFFUSIVITY=0N.02Y9,

DEPIH BELOW
SURFACE(IN) J

2440 38,2

439.0 3.7

12,0 48.3

96,0 S1.9

12C.0 S54.0
INTEGRATEL
AVERAGE Fu{m
SURIFA(E 4%.2
T« 1C FY.

CALCULATER ALCUSTY EARTH TEMPERATURE AT SELESCTED

37.4
41,5
45,7
4R, A
51.4

43,2

42,2
43,3
45,2
67.4
49,7

‘4.8

MONTH OF YEAR

A

50.9
‘a.a
48.13
47,7
43.8

49.7

AND SELECTEN DEPTRS

DrPIx Bellw
SURFACEL |4}

24.0
LK. 0
12.0
96.0
120.0
INTESRATEL
AVERAGE Funw
SUIFALE
s 1o €1,

0.019

Téel
6d.2
63,2
53.7
ST.5

e&. T

60.9
6.4
5‘.6
52.2

56,4

0.020

75.%°
Tl.6
$7.5
64.0
6l.l

69, A

0.2
64.3
60.1
57.1
5%.3

63.5

CIFFUSIVITIES

J

5.7
7(). l
6l.9
59.2

bb.?

0.025%

16.2
723
68.5
bh.4

62.5

70.8

$TA-3)

SIKESTON,MC.

76.2
2.9
68,7
65.4
62.5

1¢.8

T0.5
6R.8
66 b
64.4

69.1

0.030

16,
13.
69,
(3-8
63,

n.

5
1
7
5

3

o

Az S57.0 ,80= 25.0 AND PO= 0,59

3 N

63.(’ S?Cb
6%.1 ST.?
65.6 60.1
6%2 6i.9
b2 62,1

84,2 5T

D!F?USIVIY{ES

0.040

77.0
T4,1
71.1
68,2
695

12.6

©3.7
")ab
53.8
S56.8
59.6

50.4




EARTH TEMPERATURL STA

Typl LF L1
TYoE (F (AR

SATA SOURCE

L

TH SUXFA [
CUAYA PRULISSED BY

HERPTL F OWSERVATINN

TInN

$T=-34

BOZEMAN, MONTANA

UNKNOWN
UN KNOWM
JEN-HU-CHANG

REFERENCE(S)

1916~1920

GRSERVEL »ONTHLY AviAGE EARTH TEMPLRATURES

2EPTR BEL W
SSurFaCE(ING

2450
3.0
48,0
40.0
.0
£2C«9

LN
DEPTH BELOY
SURFACE(IN)

12.0
4.0
3¢.0
AR L0
A0
W0
1700

CALCULATEC

IO I Y ST
SURLATF )

12.0
4,0
A} C et
Q4,0
ag .0
I

120.0

J

ée7
.8
13.5

Ibeil

4l.¢
4.8

LLrs

AVERACH (A)

J

PR
0.1
1i.l
¥v.?
8.0
42.2
§4.5

7"-*
3C.7
Y b
&.7
1T
35.°

TF L FAST SCUARES ANALYSIS

43,2
43.5
42.8
43.4
43.4
43,8
4.9

Pl A
2R LN
1T .R
L
3%, 3
1.2
«7.2

MONTH OF YFAR

;U‘z 35'
3i.o 34.
12.0 3.
$3.6 4.
34.7 35.
17.9 17.
18.% 37,

A

0
8
1
&
3
4
3

M J

b4.2 5944
42.8 52.3
40.0 4%.7
JR.8 46.1
3I5.8 44.4
Ig.7 42.0
IR,T 41.7

AMPL ITUDE(D)

17.6
15.¢
13.1
1.5
9.7
5.9
6.5

TARYH TEMPERATURLS AT

MiENTH JF YEAR

.6 38,
0.9 35.
$1.8 s,
3131.0 6.
¥&.3 36,
iT.6 7.
CU.h 3.

A

3}
’

2

r
w

i

]
)

| J

L71.% S6.0
kb7 52,4
42.% 43.5
‘l‘o “7‘0
i;.‘ 65-2
17.2 42
39.8 41.3

66.4
60.C
56.1
53.&
510
LYY
46.1

PHASE ANGLE(P)

62.9
6l.4
58.1
57.3
54.2
5C.H
50.0

$5%.4
36.2
55.1
%5e2
53.7
51.9
5le4

L‘ ’q
0.92
1.21
.33
.66
1.74

44,6
47.0
“7.6
4962
49.8
90.0
90.1

ODBSERVED LEPTYHSLe)

6l.1
57,1
% .7
52.1
49.F
45.7
43.4

Lot 1AS[C DPARAMsTERS (SCD FOR TWi CALCULATICH

A bk QR T 22 0N, =1, 68 «£x,0

t

b

6l.6
5%9.¢4
57.7
55.0
53.0
&48.7
45.8

$71.1
56.9
56.0
94.9
53.7
%0.5
LR

Y

49.95
20,9
5l.7
S5l.9
S1.8
50.4
8.5

315.4 31.5
3RB.6 34.1
39.9 35.6
42.R 34,3
44 .6 40,2
46.6 43.4
6.9 4349

STANDARD
DEVIATION

o e N NN
¢ & & * 5 & &
e NSNS

0.0 M2
42.9 35,5
45.1 3B.4
46,7 40,9
47.7 42.R
GA.T 45,7
48,2 45.7




X

STA-3¢4
EARTH TEMPERATURE STATINN BOZEMAN)MONTANA

CAMLCULATELC FARTH TEMPERATURES AT SELECTED CEPTHS
Lo FOR DIFFUSIVITY=0.02%, A= 44,0 480= 21,0 AND PO= 0.68

MONTH DF YEAR
OEPTH BELOW
SURFACE(IN) J F M A M J J A S L N D

24.0 28.7 2746 30e6 3745 4548 53,9 59.1 60.4 57.1 50.4 41.8 34.0
48.0 33,5 3lel 3040 3642 4243 47,1 54.3 56,9 55.9 51.8 45.4 38.8
7260 3704 34.4 33,9 36.1 4043 45,7 5044 53.6 5401 5149 47.5 42,2
2640 4004 3743 3640 3607 39.4 634 4704 50,7 520 35142 48.4 44,5
120.0 4246 39,7 38.0 3748 39,2 42,0 45.3 48,2 50.1 90.2 48.6 45.9
INTEGRATED
AVERAGE FR0M .
SURFACE 3406 3245 3343 3740 425 4845 53.2 55,5 54,6 5049 45.2 39.4
TC 10 FT.

CALCULATEC AUGHST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACE(IN) 0.ul0 0.020 06045 0.030 0.04G
24.0 58,4 60.0 60.4 €0.7 6l.1
’08.0 53.1 bbbl 56." 57.5 5854
72.0 48.8 5245 53.0 5444 5546
96.0 13509 49.5 50.7 5106 5301
. 120.0 44,1 47.1 48,2 49,2 50.8
. INTEGRATEN
- AVERAGE FROM
SURFACH 91.9 54.7 595 S6e1 57.1
o 10 fFT.




EARTH TEMPERATUREL STATION BOLEMAN, MONTANA
TYPZ CF SOIL UNKNOWN

TYPE CF CARTH SURFALE UN KNOWN

LATA PROCESSED BY JEN-HU-CHANG
JATA SQURCE REFERENCE(S)

PERICE UF ORSERVATINN 1916-1920

NRSERVEN MONTHLY AVERAGE EARTH TEMPLERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) A M J J A

12.0 55.4 64.4 62.9
2440 %2.3 60.C 6l.4
36.0 48.7 56.1 58.1
49.0 ' 45,1 53.8 57.3
50.0 44.8 51.0 54.2
9C.0 42.0 46.6 SC.8
12C.0 41,7 46.1 50.0

RESLLTS CF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGK(A) AMPLITUDE(D) PHASE ANGLE(P) DEVIATION

12.0 43.2 17.6 Ce 79
2440 43.5 15.4 0.92
3¢.0 42.8 13.1 l.04
4R.0 43.4 11.5 1.21
5040 43.4 9.7 1.33
2C.0 43.8 6.9 l.66
120.0 43.9 6.5 l.74

3.2
2.4
242
2.1
l.4
l.1
i.0

CALCULATECD FARTH TEMPERATURES AT OBSERVED LLPTHS(#)

MONTH OF YEAR
DEPTH BELOW
SURFACE( IN) F A M J

12.0 264 5600
2440 28.6 52.4
16,0 30.8 43.5
45 40 32.7 47.0
600 35.0 45.2
1.0 39,2 42.3
12C.0 4247 41.3

{#) 3ASIC PARAMITERS USCD FOR THE CALCULATION

A ’“4-0'("0:21.0' pC=”.68 'C=.015




$ST-35%

EARTH TEMPERATURE STATION B8OLEMAN, MONTANA
TYPe CF SNIL UNKNOWN

TYPE CF EARTH SURTFALE UNKNOWN

DATA PROCESSED RY EsVMJFITTON

BATA SUURCE REFERENCE(4)
PERIOC OF ORSERVATINN 1916-1920

NBSERVED MONTHLY AVERAGE EARTH TEMPERATURECS

MONTH OF YEAR
DEPTH BELDCW
SURFACELIN) J F M A M J J A S 0] N 0

12.0 29¢7 2941 3002 35,0 4442 554 64.4 6249 5544 44,6 3%.4 315
2440 3102 3047 3leéh 34.8 42.8 5243 60.0 61e6 3642 4Te( 38,6 341
3640 7365 3247 32.0 3441 40.0 4847 5601 S8.1 55.1 4T 39.9 35.6
48,0 16e0 3445 3346 3446 38.8 64641 53.8 5723 5502 49.2 42.8 38.3
60.0 3747 35.7 34,7 35.3 38.8 44.8 510 54.2 53,7 49.8 44.4 40,2
30.0 41¢2 393 3749 374 3847 42.0 4646 50.8 531.9 20,0 4b6.4 43,4
12C.0 4148 37.8 38.5 37.9 3B.7 41.7 46.1 50.0 S51l.4 50.)1 46.9 43.)

RESLLTS OF LEAST SQUARES ANALYSIS

NEPTH BELOW STANDARD

SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE AMGLE(P) DEVIATION
1240 43.2 17.6 C.79 3.2
2440 43.5 15.4 0.92 2.4
3640 42.8 13.1 1.04 2.2
4840 43.4 11.5 1.21 2.1
6C0 43,4 9.7 1.33 led
iCe0 43.8 6.9 1.66 l.1
1200 43.9 6.5 174 1.0

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTHS(=)

MCNTH OF YEAR
UFPTH BELOW

SURFACE(IN) J F M A M J J A S 0 N D
12.0 2648 26.4 3044 3R.3 4T7.5 5640 61el 61,6 57¢3 49.5 40.0 31.9
24.U 20,1 2Beb 3049 36.9 44,7 5264 5Ta7 594 5609 907 42.9 35.5
3640 23,1 3048 31eB 3642 425 4Geh 54.7 572 %6.0 517 45.1 38.4
48.0 15,7 32.9 33.0 3640 41.0 47.0 $2.1 55.0 54.9 519 46.7 40.9
6040 18,0 35.0 3443 36,1 40.1 45,2 49.8 53.0 53.7 51.8 47.7 42.8
9C.0 4262 3947 37.6 37.5 3942 4243 45,7 4847 50.5 50.4 4847 45.7

1200 4445 4242 4044 39.5 3948 41e3 43,46 45,8 47,7 48,5 48.2 46.7

(#) BASIC PARAMETERS USED FOR THE -CALCULATIOW

A =4‘0'O'80=21.0'pc=0068 'D=ool‘)




STA-35

EARTH TEMPERATURE STATION BOZEMAN, MONTANA

CALCULATEED CARTH YEMPERATURES AT SELECTED CEPTHS

FOR DIFFUSIVITY=0,025, = 44.0 480= 21.0 AND

MONTH OF YEAR
DEPTF BELNwW
SURFACE(IN) J F M A M J J A S

24.0 284 2747 3lel 38.2 6646 54a6 59.5 603 5646
48,0 33,1 31eD 3242 3647 43.0 43,7 564.7 57.0 55.6
12.0 17.0 3447 34.0 36.4 40.8 46.2 50.8 53,8 54.0
26.0 40,0 37,1 36.0 3649 39,7 43.8 47.8 50.9 52.1
120.0 423 3945 37.9 37.9 39.5 42.3 45.6 48.% 50.1
INTEGRATEDR
AVERAGE FROWM
SURFACE 34.3 3244 33.5 3745 4341 49.1 5349 55.5 54.3
Tu 10 FT.

CALCULATER AUGUST FARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES

SURFACELIN) c.010 0.020 06025 0.030
24.0 58.4 59.9 60.3 €0.6
48.0 53.% 6.2 57.0 57.6
72.0 4.0 52.7 53.8 thab6
6.0 46.1 49,17 509 5l.8
120.0 44,1 47.3 4843 49.5

INTEGRATED

AVERAGE FRCM

SURFACE 52.1 S54.7 5545 56.2¢
T3 10 FT,

PO= 0.63

0 N D

49.6 41.0 33.3
51e2 44.7 38.2
515 47.0 41,7
51el 48,1 44.1
50.1 48.4 45.6

30.4 44.6 38.8

DIFFUSIVITIES

0.040

6l.0
58.4
95.8
53.3
510

57.1




$ST-36
EARTH TEMPERATURE STATION

TYPE CF 5QIL

TYPF CF FARTH SURFACL
DATA PROCESSED HY
CATA SOURCE

HUNTLEY,MONTANA
CLey
sSap

CLIMATOLOGICAL DATA

PERICE OF OUSERVATION 19¢1-1962

MHSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELUW
SURFACE(IN)  J F M A M J J A s 0 N 0

&N
COO® SN
¢ & » s o o
COoOO0OO0C

Q-

27.8
2643
28.1
33.5
37.4
319.9

32.0
3C.2
ic.?
33,3
36.7
33.4

7.8
36.0
34.3
317.3
38,13
314.9

48.6
47.8
44.6
4446
42.1
¢1.0

59.8
5R.5
54.8
53.7
43.9
47.2

71'4
70.1
66,1
63.7
57.2
53.5

75.1
T4.1
70,7
71.6
65.9
60.4

Tl.9
Tl.1
69.3
705
63.6
64.6

5841
9847
57.9
61.8
60.7
63.7

48.6
48.6
48.1
9245
26.0
59,7

37.5
37.3
38.2
43.0
48.3
55.7

30.3
30.5
34,3
36.4
42.3
48.1

RESULLTS UF LEAS. SQUARES ANALYSIS

DEPTH BELOW >TANDARD §
SURFACE{I) AVERAGF(A) AMPLITUDF(B) PHASE ANGLE(P) DEVIATION ;
2.0 49.9 23.4 C.50 3.1
4.0 49,2 23.4 0.513 3.0
3.0 48.1 21.0 (.62 3.0
20.0 50.1 19.4 0.73 2.2 ;
40.0 43.9 14.6 C.99 2.1
6C.0 51.1 13.3 1.32 4.1
CALCULATET FARTH TEMPERATURES AT OUBSERVED DEPTHS(s)
MONTH OF YFAR
LEPTH BELOW
SURFACELIN) J F M A M J J A S U N D
2.0 2566 2923 38.0 5045 62.5 7leb 4.4 70.9 61495 49.3 37.0 28.5
4.0 260l 29¢4 37,8 49.3 6147 7047 73¢9 707 6lel 49,9 37,7 29.2
He0 27«1 29.8 37.5 48.9 60¢3 6943 72.8 703 62.0 50.9 39.1 30.6
2009,,_ lD'} 51.1 36.9 460’0 5606 65.3 6906 68-8 6207 530‘0 420) 3‘0.6
4C.0 31542 344,72 374l 43.7 518 99.6 64.7 65.9 62.6 %642 47.9 40.3
6C0 19,5 37.3 38.3 42,5 4R.6 95%5.¢ 6043 62.7 6leb 57,4 Slaol 44,7

{e)

A =50.0,80=25,0,PC=0,47 4N=.020

HBASIC PARAMETERS USED FOR THE CALCULATION




FARTH TEMPLRATURE STATION

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY=0.025, A= 50.0 480= 25.0 AND

MONTH OF YFAR
DEPTH BELOW
SURFACELIN) J F M A M J J A S

2440 3046 31e9 3649 46.) 56,2 64.8 69.3 64 6 62.8
49,0 3178 3446 372 4344 51.2 5R.Q 64,0 65.4 62.5
72.0 40¢3 37.7 38.6 42.4 48,1 54,4 59.5 62.1 613
76,0 44,0 4l.1 40.5 42.4 46,3 H1.3 55.8 958.9 57.5
120.,0 4648 43,8 42,5 43,1 45,5 49,2 930 SGel 57.5
INTEGRATED
AVERANE [t IRLY]
SURFACE 37.4 36.2 3R, 6 44,2 S1.1 57,9 62.% 63,7 612
Tv 10 FT.

CALCULATED AUGUST EARTH TEMPFRATURE AT SELECTED
AND SELECTE"™ CEPTES

SEPTH BELOW CIFFUSIVITIES
SURKACE(IN) c.ulo0 0.020 0.025 G.030
24.0 66.8 68,1 b8.6 t8.9
4f.0 tled 54.6 65.4 66.C
12.0 56.8 60.9 62.1 ¢2.9
96.0 53.2 57.5 58.9 59.9
12G.0 5044 54,17 56.1 7.3

INTEGRATED

AVERAGE FurEM

SURFACE 59.4 62.8 63.7 th.4
T 1C FT.

P0=

o

$3e7
56.4
957.%
%7.6
56.9

55. 7

5TA-36

HUNTLEY, MONTANA

Je&?

43.3
48.“
5le6
53.5
54.3

35.1
41.0
45.5
4R. 5
50.7

42.0

DIFFUSIVITIES

0.040

69.2
vb.8
64,2
6ley
59.0

65.4%




ST-37

EARTH TEMPERATURC STATION LINCOLN,NEBRASKA
TYPe CF SOIL UNKNOWN

TYPE OF FARTH SURFA L HARE

DATA PROCFSSED RY oM. FITTUN

DATA §0URCE REFERENCE(4)
PERIOC OF QUSERVATICH 19€0-1904

CBSERVED MCNTHLY AVERAGE EARTH TEMPLRATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S u N 0

1.0 3060 2842 42.4 S8Be6 T4.5 82.3 90.8 8%.6 72.0 60,0 43,5 31.0
1.0 30.0 28.7 4l.l 59.3 72.1 81.2 BA.6 B5,3 72.9 61.4 44.3 31.6
6.0 2966 2RO 37.9 54.5 68,7 T1.5 83.6 B2.0 71.0 60.2 44.1 31.93
9.0 3100 22,4 35,7 508 64.4 T3.0 79.4 7749 705 59.0 44.3 33,4
12.0 Jled 29.7 35.0 48.2 60.8 69.5 75.8 75.0 66.6 58.4 45.1 34.8
24,0 151 32,9 V4.7 4448 56,5 64,2 T0.8 T1.6 66,9 59.7 49.5 39.95
6.0 38e1 35.3 3547 43.0 53,2 6lel 6TeS 694 667 60.7 52.1 43,2
QESLLTS OF LEAST SQUARES ANALYSIS
CEPTH BELOW STANDARD
SURFACE(IN) AVERAGF!lA) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION
100 58-’0 30»9 C¢53 2-0
3.0 8.2 30.1 €57 1.9
6.0 5.9 28.3 0.62 1.5
S.0 c4.0 26.0 (.64 1.2
12.0 52.6 23.5 C.73 le?
24.0 52.3 19,7 CeRY 1.0
1¢.0 52.3 17.3 1.03 0.8

o ————— = -

Ty —




STA-137
LAQTH TEMPERATURE STATION LINCOLN, VEBRASKA

CALCULATEC FARTH TEMPERATURES AT SELLCTED LEPTHS
FOR DIFFUSIVITY=0.025, A= 54.0 ,80= 2H.0 AND PO= 0.%52

MCNTH OF YEAR
VEPTK BELOW
SURFACE(IN) J F M A | J J A S u N 0

24 .0 325 329 38.5 48B.6 59.9 698 T5.3 75.2 b9.l 59,2 47.6 38,0
48,0 31845 36e7 3742 4549 54.5 633 69.3 Tled 68B.5 62.0 53.0 4446
72.0 43.6 "0.6 "0100 ‘0"-9 5102 5“.3 64-2 67.4 bb-q b}oo 5605 “')05
9640 4T7.7 4442 4343 45.2 49.3 5449 60.1 63,7 647 62.8 58.4 53.0
12€C.0 S0B 474 45.7 46,1 4B.6 52.7 57.0 60.6 62.4 Hle7 59.2 59542
[“TEGRATEC
AVERAGE FR(GM
SURFACE 40a2 3R.5 4048 4648 H4o4 6242 676 69,4 66.9 611 53,2 45.7
Te 1¢ FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEN DREPTHS

UEPTH BELOW CIFFUSIVITIES

SURFACE(IN) 0.010 0.020 0.02% 0.030 0.040
24,0 73.0 14.17 715.¢ 75.5 15.9
4.0 66.4 70.4 713 12,0 73.0
12.0 ' 61.3 66,0 67.4 t3.4 69.8
96,0 5T.4 62.2 63.7 69.0 66.4
120,0 54,4 99.0 b0.6 6l.9 63.9

INTEGRATED

AVERAGT FROM

SURFACE 55,0 6R.4 69.4 10.2 Ti.3

T 16 FT. ' ‘




EARTH TEMPERATURE STATION

TYPE CF SOIL

TYPE CF EARTH SURFACE
DATA PROCESSED BY

DATA SOURCE

PERIOC OF OBSERVATINN

LINCOLN, VEBRASKA

UN
UN

KNOWN
KNOWN

CoM.FITTON
REFERENCE({ &)

1854-1904

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

DEPTH BELCW
SURFACE(IN) J

28,2
38.5
<90
29.8
30.2
35.1
8.1

O S NOO W
* 8 0 0 0 o 0

OCO0OO0O0O00CO

w N e

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW
SURFACE(IN)

o2 N OO W
e o o 0 o o o
CO0ODOOO0

Ny o

29.0
27.R
28,1
28.0
29.9
33,1
35,1

%6.9
57.3
55.0
53.3
52.9
52.6
52.6

40.1
3g.8
37.4
36.0
35.6
35.3
36.0

AVERAGF (A)

MONTH OF YEAR

A

58.7
57.6
53.6
50.8
49.1
45.4
43.6

M

70.3
69.7
66.7
64.2
6l1.2
56.9
53.8

19.2
78.1
761
73.7
69.7
64.6
61.5

AMPLITUDE(R)

30.
27.
27.
27.
23.
19.
17.

3
8
9
3
9
9
7

86.9
85.1
82.1
79.7
75.8
70.5
61.7

PHASE ANGLE(P)

85.1
84.0
80.9
78.7
75.6
12.0
69.8

S

T73.7
73.5
72.0
71.0
63.2
68.2
67.9

C.95
0.60
Ce62
0.63
.72
0.139
1.C3

0

58.1
59.4
58.3
58.5
57‘()
60.0
6l.3

40.6
‘2.7
‘2'6
38.9
44.5
49.2
51.9

ST-38

31.2
314
3l.7
23,8
34.6
39.5
43.0

STANDARD
DEVIATION

*» o o & o o o
-~ ONMNOO

MY LRI ristismct




EARTH TEMPERATURE STATIUN L INCOLN,

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY=0.025, A= 53.0 ,80= 28.0 AND

MONTH OF YEAR
DEPTH BELOW
SURFACE{IN) J F M A M J J A S

24.0 31e5 319 37.5 7.6 58.9 68B.8 T4.3 74.2 68,1
48.0 3745 35.7 3B.2 44.9 53.5 62.3 68.3 70.3 67.5
72.0 42,6 39,6 40.0 43,9 50.2 57.3 63.2 66.4 65.9
96.0 4647 43,2 42.3 44.2 48,3 53.9 59.1 62.7 63.7
120.0 49.8 4604 44,7 45.1 47.6 5147 56.0 59.6 61i.4
INTEGRATED
AVERAGE FROM
SURFACE 39,2 37.6 39.8 45,8 53.4 61.2 66.¢6 68.4 65.9
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED
AND SELECTED DEPTHS

VEPTH BELOW CIFFUSIVITIES

SURFACE{IN]) 0.010 0.020 0.045 €£.030
24.0 12.0 13.7 T4.2 T4.5
48.0 65.8 69.4 10.3 1.0
12.0 60.3 55.C 66.4 LT.4
96.0 56.4 61.2 62.7 64.0
120.0 53.8 8.0 29.6 ¢0.9

INTECGRATED

AVZRAGE FROM

SURFACE 646.0 6l.4 68.4 ¢9,2

T 10 FT.

STA-38
NEBRASKA

PO=s 0.52

58.2 46.6 37.0
61.0 52.0 43.6
62.0 55.5 48.5
61.8 57.4 52.0
60.9 58.2 54.2

60.1 52.2 44.7

DIFFUSIVITIES

N.040

74.9
12.0
68.8
65.8
62.9

10.3




EARTH TEMPERATURE STATION

NDRFOLK,NEBRASKA
TYPE CF SOIL UNKNOWN
TYPE CF EARTH SURFACE UNKNQORWN
DATA PROCESSED BY JE A=HU-CHANG
DATA SOURCE REFERENCE(S)
PERIOC OF OBSERVATION 19£0-1952

UBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
ODEPTH BELOW

$1-39

SURFACET M) J F M & M J J A S 0 N 0

29.% 33,6

RESLLYS OF LEAST SQUARES ANALYSIS
OEPTH BELOW

3.9 36.2 63.0 Tle6 78.0 71.9 65.0 5%.6 37.7 34.0
T.9 31,0 3.6 35.8 03,2 72.6 79.0 73.0 67.7 56.8 4D.6 33.7
11.8 29.7 35.% 33,2 62.2 71e5 T6.7 73.8 68,1 S7.6 1.7 33.8
19.7 30.1 34.9 32,0 60.8 7040 75.0 72.9 68.0 5648 43.4 34.4
39.4 33,7 34.3 33,7 57.8 6648 72.5 71.6 67.7 59.0 47.6 38.2

STANDARD

SURFACE[IN) AVERAGF{A) AMPLITUDE(®]) SHASE ANGLEL(P) DEVIATION
.0 52.4 23.5 C.57 2.3
1.9 53.5 2345 0.60 2.5
11.8 52.9 23.7 (.67 2e5
19.7 52.3 23.0 0.70 2.5
3.4 52.5 20.6 C.Hd3 1.5
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STA-39)
EARTH TEMPERATURE STATION NORFOLK y VEBRASKA

CALCULATEC FARTH TEMPERATURES AT SELECTED _EPTHS
FOR DIFFUSIVITY=0,025, A= 53.0 ,60= 24.( AND PO= 0.54

MONTH OF YEAR
DEPTH BELOW "
SURFACE(IN} J  F M A M J J A S 0 N D

24.0 34,7 34.R 39,4 48.0 57.7 6643 T1.2 Tle2 662 57.8 47.9 39.6
48.0 3949 38.1 4042 45.8 53,1 6047 66.0 679 65.6 60.1 52.5 45.2
72.0 £402 41.6 418 45,1 5043 5605 61.6 644 64,1 60.9 55.4 49.4
76.0 47,8 44,7 43,8 45.3 4B.8 S53.6 58.0 61.3 62.2 60.6 57.0 52.3
120.0 S04 47,4 €5.9 46.2 4B.3 51e7 55.4 58.6 60.1 959.8 S57.6 54.2
INTEGRATED
AVERAGE FRQOM
SURFACE 41e3 39.8 41.6 46.6 53.1 59.8 64.5 66.2 64.2 99.3 SZ.5 406.1
0 10 FT.

CALCULATELC AUGUST EARTH TEMPERATURE AT SELECTFD DIFFUSIVITIES
AND SELECTEN DEPTHS

DEPTH BELOW BDIFFUSIVITIES

SURFACE( IN) 0.010 0.020 0.02% C.030 0.040
24.0 69.3 70.9 TL.¢ T1l.5 Tla9
48.0 63.9 67.0 57. ¢8.5 693
12.0 59,2 63.13 6&4.4 £5.3 56.6
96,0 55,8 59.9 6l.3 €2.3 53.9
120.0 3.6 57.2 58.6 59.7 ol.4

INTEGRATED

AVERAGE FROM

SURFACE 62.4 6%.3 66.2 £6.9 6T.3
Tu 10 FT,




S$T-40

EARTH TEMPERATURE STYATION NEW BRUNSWICK:N.J.

TYPE CF SOIL UNKNOWN

TVPE CF EARTH SURFACE BLUE GRASS SUD
DATA PROCESSED BY JEN-HU-CHANG
DATA SCURCE REFERENCE(S)
PERIOC QF OBSERVAYINN 1952-1955

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MCNTH OF YEAR
DEPTH BELOW

SURFACETIN) J F M A M J J A 3 C N b

1.0 32.9 34.9 39.3 5044 62,0 69.6 78.7 75.2 /7.6 59,7 45.9 35.9
3.0 3306 3540 39.T 49.9 57,5 679 73.9 72.0 667 602 46.7 38.2
1C.0 35,2 39¢3 39,9 48,9 56.5 65,6 Tlo7 T1le3 66.8 €0.4 48.2 39.8
240 378 3644 40,1 47.0 54.4 62.6 68.3 69.8 66.4 6le4 50.8 42.8

RESULLTS OF LEAST SQUARES ANALYSIS

DEPTH PRELOW STANDARD
SURFACE(IN) AVERAGF(E) AMPLEITUDE(B) PHASE ANGLE!(P) DEVIATION
1.9 545 22 .3 C.69 1.4
3.0 53.6 20.0 0.75% l.1
1C.0 53.4 18.7 C.81 0.8
24.0 53.2 15.7 G.54 0.6




» STA-40
EARTH TEMPERATURE STATION NE® BRUNSWICK,N.J.

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.025, A= 53.0 ,8B0= 21.( AND PO= 0.69

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S ] N N

24.0 378 3646 39.5 4643 54.6 62.8 68.1 69.4 66.2 59.6 50.9 43.1
48.0 42.5% 40.1 40.9 45,1 512 58.0 63.3 65.9 64.9 60.9 54.5 47.9
72.0 464 43,6 42.9 45.0 49.2 54.6 59.4 62.6 63.1 60.9 56.6 51l.)
6.0 49.5 46.73 45,0 45.7 48.3 52.3 56.4 59.6 61.0 60.3 57.5 53,6
120.0 S1ab 4848 47.0 468 48.2 51.0 54.2 57.2 59.0 59.2 5T7.7 55.0
INTEGRATED
AVERAGE FROM
SURFACE 43,7 41.5 42.3 45,9 51.4 574 62.1 64.5 63.6 60.0 54.3 48,5
g 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES

AND SELECTED DEPTHS h

DEPTH BELOW CIFFUSIVITIES
SURFACE{IN) 0.010 0.020 0.025 0.030 0.040

24.0 6T.4 69.0 69.4 €9.7 7061

48.0 62.0 65.1 65.9 66,5 67.4

72.0 57.8 61e5 62.06 €3.4 64.6

956.0 4.8 58. 4 59.0 6040 62.0

126.0 93,1 56.0C 57.2 8.2 59.7
INTEGRATED

SURFACE 60.9 63.6 6%e2 65.1 Géel

AVERAGE FROM
TC 10 FT. ‘




EARTH TEMPERATURE STATIUN

TYPE CF SOl

L

TYPE CF EARTH SURFACE
DATA PROCESSED BY
DATA SOURCE

PERIOC OF OBSERVATION

ST-41

ITHACA,NEW YNRK

UN KNO®WN

GRASS SOD
JEN-HU-CHANG
REFERENCE(S)

1941-1946

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

DEPTH BELOW
SURFACE(LIN)

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOMW
SURFACE(IN)

3.0
6.0
12.0
24.0
48.0
96.0

J

32.4
32,8
33.9
3645
40.0
45.7

3l.4
31.8
32.7
34.6
37.7
43.0

35.7
315.5
35.2
35.7
37.3
4l.1

AVERAGE (A)

48.8
48.8
48.8
49.0
48.9
49.5

MONTH OF YEAR

A

43.8
43.3
42.5
4l.6
40.6
4l.6

M

54.6
53.6
52.1
49.8
45.9
53.8

62.9
62.2
60.6
5644
52.8
4765

AMPLITUDE(B)

18.9
18.5
17.5
15.4
12.2

6.8

67.6
67.1
65.8
63.7
58.3
5l.4

PHASE ANCLELP)

¥
w

66.3 63.0
66.2 63,3
65.6 63,1
64.5 62.8
6l.0 61,1
5445 5661

C.T1
0.75
C.83
0.97
le23
l1.51

51.3
52.0
53.4
55.3
56.9
5661

4l.1 23.8
42.0 34.4
43.5 36.1
46.6 39,1
50.6 43.9
53.2 49.3

STANDARD
DEVIATION

N Qe e e e
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STA-4}
EARTH TEMPERATURE STATION ITHACA,NEW YORK

CALCULATEC EARTH TEMPERATURES AT SELECTED (EPTHS
FOR DIFFUSIVITY=0.025, A= 49.0 480= 19.0 AND PO= 0.69

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A ) 0 N D

24.0 3542 3442 3668 42.9 50.5 57.8 62,6 63.9 60.9 54.9 47.1 40.1
48.0 39.5 37e¢3 3341 4148 474 53,5 58¢3 60.7 H9.8 5641 50.3 44.4
12.0 43,1 4007 39.8 41.8 45.6 5064 54.8 5746 58.1 5642 52.2 47.5
96.0 458 43,0 41,7 42,4 44.8 48.4 52.0 55.0 5643 55.6 53.1 49.6
120.0 4748 4542 4346 4344 4447 4Te2 501 52.8 54.5 54.6 53.2 50.8
INTEGRATED
AVERAGE FROM
SURFACE 4066 3846 39,3 42,6 4745 53,0 573 59.4 58.6 55.3 50.2 44.9
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040
24.0 62.0 63.5 63.9 €4.1 64.5
48.0 57.2 59.9 60.7 6l.2 62.0
72.0 53.3 5647 57.6 £8.4 59.5
96.0 50.7 53.9 55,0 55.9 57.2
120.0 49.1 51.7 52.8 £3.7 55.1
INTEGRATED
AVERAGE FRUM
SURFACE 56.2 928.6 59.4 60.0 60.8

T0 10 FT.




ST-42

EARTH TEMPERATURE STATION ITHACA,NEW YORK
TYPE CF SUIL LOAM

TYPE OF EARTH SURFACE GRASS-S00

DATA PROCESSED BY

DATA S